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The new and revised requirements are substantially in accordance with Proposal(s) on this subject dated
May 17, 2013.
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INTRODUCTION

1 Scope

1.1

These requirements cover refrigerant recovery and recycling equipment to be employed in

accordance with the National Electrical Code, NFPA 70 and include battery operated equipment.

1.2 These requirements apply to equipment intended for indoor or outdoor use or both.

1.3 These requirements do not cover equipment rated more than 600 volts or employing a universal
motor rated more than 250 volts or intended for installation and use in a hazardous (classified) location.

1.3.1  Thes
refrigerant w

1.4 Refrige
other than ad
as they are a
for the purpo|

2 General
2.1

211 Valug
approximate

e requirements cover recovery/recycling equipment intended for use with
nen investigated to the requirements in Supplement SB.

rant recovery/recycling equipment intended for use with commer€ial refrige
tomotive, is judged on the basis of compliance with the requirements in this sta
pplicable, and further examination and test to determine whetherthe equipment
5e.

Units of measurements

s stated without parentheses are the requirement. Values in parentheses are ¢
information.

a flammable

ant systems,
hdard, insofar
is acceptable

xplanatory or

2.1.2 Unlegs indicated otherwise, all voltage-and current values mentioned in this standard pre rms.
2.2 References
2.21 Any Undated reference tota code or standard appearing in the requirements of this gtandard shall

be interprete

1 as referring to the latest edition of that code or standard.

2.3 Terminplogy

2.3.1 The term “equipment” as used in these requirements refers to all refrigerant recovery/recycling and
recovery (exfraction) equipment or any part thereof covered by these requirements unless specifically
noted otherwjise.

3 Glossary

3.1 For the purpose of these requirements, the following definitions apply.

3.2 ACCESSORY - An optional electrical device or other component intended for installation in or
connection to the equipment for the purpose of modifying or supplementing its functions. The accessory
may be factory installed or intended for installation by the user or service personnel.

3.2.1 ADJUSTABLE SPEED DRIVE — A combination of power converter, inverter, motor, and motor-
mounted auxiliary devices such as encoders, tachometers, thermal switches and detectors, air blowers,
heaters, and vibration sensors.
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3.2.2 ADJUSTABLE SPEED DRIVE SYSTEM - An interconnected combination of equipment that
provides a means of adjusting the speed of a mechanical load coupled to a motor. A drive system typically
consists of an adjustable speed drive and auxiliary electrical apparatus.

3.3 BARRIER, INSULATING — A partition for the isolation of high-voltage electrical components or
circuits.

3.4 BARRIER, MECHANICAL — A rigid partition for the isolation of ignition sources, moving parts or
protection of wiring.

3.5 CABINET — The part of the product that prowdes phyS|caI protect|on to msulated wmng, enclosures,
moving parts et cause a risk of
injury to persons.

3.5.1 CAPALCITOR, CLASS Y — Capacitor or resistor-capacitor unit of a type suitaple for usg in situations
where failure|of the capacitor could lead to danger of electric shock. (Examples weuld include capacitors
connected aqgross the primary and secondary circuits where electrical isolationis required to prevent an
electric shocK or between hazardous live parts and accessible parts.)

3.6 CAPILLARY TUBE — Device made of tubing with an outer diameter of less than 3/16]in. (4.7 mm)
and used to|reduce the pressure of the refrigerant between thel condenser and evaporator. It also
regulates the [refrigerant flow.

3.7 CIRCUIS, ELECTRICAL —
a) Extra-Low-Voltage — A circuit supplied by:

1) An AC potential of not more than'42.2 volts peak (30 V rms) and power of 1Q0 VA or less;
or

2) A DC potential of 30 V_ supplied by a primary battery; or
3) A Class 2 transformer, as defined by the National Electrical Code, NFPA 70; for

4) A combination of an isolating transformer and fixed impedance which as a pnit complies
with all performance requirements for a Class 2 transformer.

b) High-Voltage«=A circuit involving a potential of not more than 600 volts and having circuit
charagteristics.in excess of those of an extra low-voltage circuit.

3.8 COMPQNENT — A device or fabricated part of the recovery/recycling equipment coyered by the
scope of a safety standard dedicated to that purpose. If incorporated in recovery/recycling equipment, a
product that is otherwise typically field installed (e.g. luminaire) is considered to be a component. Unless
otherwise specified, materials that compose a device or fabricated part, such as aluminum or copper, are
not considered components. Generally, components are incomplete in construction features or restricted
in performance capabilities. Such components are intended for use only under specific, limited conditions,
such as certain temperatures not exceeding specified limits.

3.9 COMPRESSOR - A refrigerant motor-compressor with the suction side (low side) intended to be
connected to a system from which the refrigerant is being removed. The discharge side is connected to
the refrigerant recovery tank.

3.10 CONTROL CIRCUIT — A circuit that carries electric signals directing the performance of a controller
that in turn, governs power delivered to a motor or other load in the equipment. A control circuit does not
carry main power current.
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3.11 CONTROL CIRCUIT, DIRECT-CONNECTED HIGH-VOLTAGE - A circuit that is supplied from a
branch circuit separate from a branch circuit that supplies other loads within the equipment. It is not tapped
from the load side of the overcurrent device(s) of the controlled circuit(s) within the equipment.

3.12 CONTROL CIRCUIT, TAPPED HIGH-VOLTAGE — A circuit that is tapped within the equipment from
the load side of the overcurrent device for the controlled load.

3.12.1 CONTROL FUNCTION (CLASS A, B or C) — Actuation of an electrical or electronic device (or
devices) that are part of the refrigerant recovery/recycling equipment. Software may be used in the
actuation of the device(s). Class A is not intended to be relied upon to reduce the risk of electric shock, fire

or injury to persons. Class B is intended to reduce the risk of electric shock, fire or injury to persons. Class

Cis intende
A actuation i
considered t

3.13 CON]

considered to be an operating control, whereas a device with Class B or Class
be a protective control.

[ROL, OPERATING — A device or assembly of devices, the opefation of w

regulates th¢ end product during normal operation. For example, a thermostat, the failu

thermal cuto
operating co
also include

Lit/limiter or another layer of protection would mitigate the potential hazard, is g
htrol. Operating controls are also referred to as “regulating ‘eontrols”. Operating
bther controlling devices such as switches, contactors, relays and similar device

specifies control functions that are not considered to result in a<isk of fire, electric shog

persons.

3.14 CONT

ROL, PROTECTIVE — A device or assembly @f.devices, the operation of which

reduce the fisk of electric shock, fire or injury to persons during normal and reasonab

abnormal op
upon for nor
referred to a
conditions. A
shock or inju

3.15 CONT

3.16 DESI
specific part

3.16.1 ELH
electrons mo
be an electro

eration of the product. For example, a thermal cutout/limiter, or any other contrd
mal and abnormal conditions, is considered a protective control. Protective cor
s “limiting controls” or “safety contrels” and are investigated under normal ar
ppendix B specifies control funetions that are considered to result in a risk o
[y to persons. Such functions may also be known as “safety critical”.

ce with Class
C actuation is

hich starts or
e of which a
onsidered an
controls can
5. Appendix B
k or injury to

is intended to
y anticipated
I/circuit relied
trols are also
d single-fault
f fire, electric

ROL, TEMPERATURE-LIMITING — A control that serves to prevent excessive t¢mperature.

5N PRESSURE < The maximum acceptable working pressure for which the equipment or a

s designed.

CTRONIG,COMPONENT - A part in which electrical conduction is achieved
ving through a vacuum, gas or semiconductor. A Metal Oxide Varistor (MOV) is
nic:component, but neon indicators are not.

principally by
considered to

3.16.2 ELECTRONIC DISCONNECTION — The de-energizing of a load within a product by an electronic
device of a circuit. No electro-mechanical component having an air gap, such as a switch, contactor or

relay is used

to de-energize the load.

3.17 ENCLOSURE - The part of the product that does one or more of the following:

a) Iso

lates ignition sources;

b) Renders inaccessible all or any parts of the equipment that may otherwise present a risk of
electric shock; or

c) Retards propagation of flame initiated by electrical disturbances within.
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3.18 FUNCTIONAL PART — A part of the product, other than an enclosure or cabinet, used to maintain
the intended relative physical position of fixed or moving parts, or maintain the integrity of the structure.

3.18.0 GROUNDING, FUNCTIONAL - Grounding of a point in a product which is necessary for a
purpose other than safety.

3.18.1
fitting at each

3.19

3.19.1 MA
adjustable s
speed/maxim|
speed/maxim|
system is at

3.19.2 MA
compressor
maximum s(
minimum s
compressor/g

3.20 MOTO
and breaking

3.21 NONF
3.22 NONF
than 0.12 in3

propagate fla

ignitable parts.

3.23  PIPIN(
other compo
muffling, snul

3.24 PRES
stop the oper

end for the purpose of connecting two components of a refrigeration system.

-

g

eed drive or drive system are operated under any conditions such
m load, maximum speed/minimum load, minimum speed/minimum) load
m load, including locked-rotor such that current to the motor/adjustable speed
maximum.

IMUM RATED CURRENT (MRC) — The current resulting when.a hermetic refrig
nd adjustable speed drive or drive system are operated ‘uhder any conditi
eed/maximum load, maximum speed/minimum load,_minimum speed/mi
peed/maximum load, including locked-rotor such that current to
djustable speed drive or drive system is at a maxinjumnm.

R CONTROLLER — Any switch or device normally used to start and stop a mot
the motor current directly.

UNCTIONAL PART — A part of the préduct that does not perform a specific funct

[UNCTIONAL PART, SMALL — A-nonfunctional part that does not occupy a vo
(2 cm®), does not have_ acdimension greater than 1.2 in (3 cm), is located
me from one area to another, and does not connect a possible source of ign

5 — Includes pipe;-flanges, bolting, gaskets, valves, fittings, the pressure-conta
nents, such ‘as“strainers and devices that serve such purposes as mixing
bing, distributing, metering, or controlling flow.

SURE-LIMITING DEVICE — A pressure-responsive mechanism designed to
htion 'of the pressure-imposing element at a predetermined pressure.

HOSE ASSEMBLY — A segment of flexible, usually nonmetallic, tubing and having a threaded

IGNITION SOURCE — Any high-voltage electrical component not located within an enclosure.

ic motor and
S maximum
d, minimum
drive or drive

erant motor-
bns such as
nimum load,
the motor-

pr by making

on.

ume greater
so it cannot
tion to other

ning parts of
separating,

hutomatically

3.25 PRESSURE-RELIEF DEVICE — A pressure-actuated valve or rupture member designed to relieve
excessive pressure automatically. The device is not temperature-actuated.

3.26 PRESSURE VESSEL — Any refrigerant-containing receptacle of a system other than evaporators
[each separate section of which does not exceed 1/2 ft2 (0.014 m?®) of refrigerant containing volume],
evaporator coils, compressors, condenser coils, controls, headers, pumps, piping, filters and strainers.

Exception: A refrigerant-containing receptacle identified as an ASME pressure vessel in accordance with
ASME Boiler and Pressure Vessel Code, Section VIII.

3.26.1 PROTECTIVE ELECTRONIC CIRCUIT (PEC) — An electronic circuit that prevents a risk of fire,
electric shock or injury to persons under abnormal operating conditions.
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3.27 RECOVERY EQUIPMENT — An appliance that transfers refrigerant in any condition from a product
to an external container without necessarily testing or processing the refrigerant.

3.28 RECYCLING EQUIPMENT — An appliance that extracts refrigerant from a product and cleans the
refrigerant for reuse.

3.28.1 SOFTWARE - Pre-loaded data which creates, affects, and/or modifies the functionality of the
equipment except that this does not include any pre-loaded data programmed into an integrated circuit
chip that requires physical access and removal of the chip for reprogramming.

3.28.2 SOFTWARE UPDATE Occurs |f a verS|on of data (soﬂware) replaces or mod|f|es the previous
version of data- could-include replacing-orre-ins : s sntical version of
data.

3.28.3 SW|TCH MODE POWER SUPPLY UNIT — Electronic device incorporating!transfpormer(s) and

switching a golid-state device on and off. It may also isolate the input circuit.from the outgut circuit and
regulate andfor convert the output voltage and current. The device may cansist of one or more individual

RMISTOR - A thermally sensitive semiconductor resistor, which shows over gt least part of
its resistancg/temperature characteristic a significant non-linearychange in its electrical resistance with a
change in temperature. A thermistor may be either of the positive temperature coefficient (P[C) type or of

ATE STRENGTH — The highest stress level that the refrigerant component pr vessel can
tolerate withqut rupture.
3.30 VOL
transistors.
within the sa

GE FOLDBACK - A circuit design feature intended to protect the power $upply output
hen overcurrent is drawn by‘the load, the supply reduces the output voltage and current to
e power dissipation limit.ofithe output transistors.

CONSTRUCITION
4 General

4.1 Ferrous metallparts used to support or retain electrical components in position shallfbe protected
against corrgsion by metallic or nonmetallic coatings, such as plating or painting.

Exception: This requirement does notf apply fo parts, such as washers, screws, bolts, and similar parts,
where corrosion of such unprotected parts would not affect compliance with the requirements of this
standard.

4.2 Exposed unimpregnated asbestos material shall not be used. The unprotected edge of a gasket
sandwiched between two parts is considered to be exposed.

4.3 Electrical insulating materials and systems used inside a hermetically sealed motor-compressor
enclosure shall be compatible with the refrigerants and oils intended to be used in accordance with the
Standard for Safety of Household and Similar Electrical Appliances, Part 1, General Requirements, UL
60335-1, together with the Standard for Household and Similar Electrical Appliances, Part 2: Particular
Requirements for Motor-Compressors, UL 60335-2-34. They shall also be compatible with each other and
with other materials used within the system.
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4.4 Movable equipment employing carrying handles or straps shall be permanently marked according to
91.30.

4.5 All nonmetallic parts, excluding small nonfunctional parts shall comply with 5.1, 5.2, 5.3, and Table
52.1.

4.6 In addition to the requirement in 4.5, nonmetallic materials that serve as electrical insulation or that
directly support live parts shall comply with the requirements for electrical insulation in the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

4.7 A component shall:

a) Comply with the safety standard covering that component;
b) Be psed in accordance with its rating(s) established for the intended conditions-of use;
c) Be bised within its established use limitations or conditions of acceptabifity;
d) Comply with the applicable requirements of this end product standard; and

e) Not|contain mercury.

Exception: Alcomponent of a product covered by this standard-is.not required to comply with a specific
component rgquirement that:

a) Invplves a feature or characteristic not required in the application of the component in the
produgt; or

b) Is superseded by a requirement in this standard; or

c) Is separately investigated when foriming part of another component, provided the ¢gomponent is
used within its established ratings and limitations.

4.8 A component that is also required to perform other necessary functions, such ag overcurrent
protection, gfound-fault circuit <interruption, surge suppression, any other similar functions, or any
combination thereof, shall comply additionally with the requirements of the applicable standargd(s) covering
products that[provide those functions.

4.9 A comgonent made of drawn or machined brass and containing more than 15 percent zinc shall
comply with [the 40=Day Moist Ammonia Air Stress Cracking Test as specified in the [Btandard for
Refrigerant-Containing Components and Accessories, Nonelectrical, UL 207.

5 Nonmetallic Material

5.1 Classification

5.1.1 Materials shall be classified with respect to flammability characteristics that are established by the
tests specified in the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and

Appliances, UL 94.

5.1.2 Materials shall be assigned flammability ratings based on greatest to least resistance to flame and
are identified as: 5VA, 5VB, V-0, V-1, V-2, HF-1, HF-2, HB, and HBF.

5.1.3 In reference to 5.1.2, the assigned flammability rating shall be appropriate for the material-use
application in accordance with 5.2 and Table 52.1.
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5.2 Ignition sources

5.2.1 Parts formed from nonmetallic materials rated HB or HBF and positioned as shown in Figure 5.1
shall be separated from ignition sources by means of a mechanical barrier, extending at least to the
boundary surface of the space if such parts are located:

a) Below an ignition source and within Space A; and
b) Above an ignition source and within Space B; and

c) In the vertical plane relative to an ignition source and within Space C.
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Figure 5.1
Separation of Ignition Sources from Nonmetallic Materials
CABINET,
OUTER
[~ ENCLOSURE, —=
300/)\\ | OR PART | //\\300
\ | /
AN )/ BARRIER
X \=— SPACE B —=,
P A
"\ ;a7 CABINE]T,
MINIMUM| DISTANCE \ /A OUTER |
BETWEEN IGNITION \ - ENCLOSURE,
SOURCE|AND OUTER Yo\ -7 OR PART
SPACE
ENCLOSYRE = X + Y \B)Yii:>/ A
/ 1
IGNITION SOURCE(S) I’ k\ e
Z =<
‘ ~
BARRIER— ; | \\\\\\\\
SPACE A’_—__‘ff?*:ﬂ
5°/'1 |h\50 MINIMUM STRAIGHT| — LINE
( J DISTANCE BETWEEN IGNITION
\\ SOURCE AND OUTHR
CABINET, ENCLOSURE OR PART = Z
OUTER
ENCLOSURE,
OR PART
S2514C
Notes:

Space A — Represents the volume below the ignition source determined by a straight line that moves about the ignition source while
remaining at the angle of 5 degrees from the vertical and is always so oriented that the volume is maximum.

Space B — Represents the volume above the ignition source determined in the same manner as Space A, except that the angle is 30
degrees from the vertical.
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5.2.2 The HB or HBF materials referenced by 5.2.1 shall be located such that the distance between:

a) High-voltage wiring not employing VW-1 and the HB or HBF materials shall be a minimum of 2 in
(51 mm), and

b) Any other ignition source and the HB or HBF materials shall be a minimum of 4 in (102 mm).

5.2.3 Inreference to 5.2.2 and Figure 5.1, the minimum distance for materials located:

a) Above the ignition source shall be as shown in Distance X + Y; and

b) In the vertical plane relative to the ignition source shall be as shown in straight-line Distance Z.

5.3 Applithion and location

5.3.1 Nonmetallic fasteners used as a part of the enclosure, cabinet or functional, part shall comply with
the Fastener|Strength Test,52.3.

@

5.3.1.1 Inre¢ference to 5.3.1, nonmetallic fasteners required to comply wittn52.3 shall includ
a) Nohmetallic ultrasonic, solvent or heat welds;
b) Nohmetallic screws and/or nuts; and

c) Nohmetallic parts into which metal or nonmetallic.screws will be threaded.

5.3.2 The dombined total exposed surface area of all.small, nonfunctional parts shall not exceed 144 in?
(929 cm?).

5.3.3 Wher thermal insulation is located between a cabinet and inner liner, the product shall comply with
both (a) and [b) or it can comply only with-item (c):

a) All [holes within the cabinet @nd inner liner shall be closed;

b) The cabinet surfaces:shall be securely fastened such that the maximum spaging between
screws, spot welds, or ether securement means does not exceed 6 in (152.4 mm);

c) The thermal inSulation shall be rated HF-1.

6 Assembly

6.1 Generd

6.1.1 Refrigerant recovery and/or recycling equipment shall be provided with the necessary hoses for
connection in the intended manner to the equipment being serviced. These hoses shall be no longer than
8 ft (2.44 m), shall be provided with shut-off devices within 12 in (0.3 m) of the ends, and shall be
constructed in accordance with Section 46.

6.1.2 The shut-off devices mentioned in 6.1.1 shall prevent refrigerant flow when the hose is not
connected.

6.1.3 The equipment shall be assembled so that removal and replacement of tanks and containers, and
the like, will not result in damage to electrical components and wiring, or to refrigerant-containing
components.
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6.1.4 Equipment having provision for the storage of refrigerant cylinders or the like shall be provided with
means for retaining the cylinders in position.

6.1.5 Electrical components shall be installed on the unit and wired as necessary for intended operation.

6.1.6 Pressure-limiting devices, when required, shall be installed on the assembly and connected to the
high side of the system.

6.1.7 Except as specified in 6.1.8, refrigerant-containing parts shall be factory connected with tubing or
piping.

6.1.8 In refgrence or piping shall
be:

a) Intgnded for installation in the field;

b) Intgnded for connection to the refrigeration system being serviced;

c) Be packaged with the recovery/recycling equipment; and

d) Comply with the requirements in this standard.
6.1.9 In reference to 6.1.7, if flexibility is needed, a hose @ssembly used within recoVery/recycling
equipment in|place of metal tubing or piping shall comply with*46.2.1. In addition, the hose agsembly shall
not:

a) Exdeed 36 in. (0.91 m) in length; and

b) Be connected to another hose assembly-located within the recovery/recycling equipment.
6.2 Mecharnical protection
6.2.1 Horizgntally-hinged doors that'provide access to the storage compartments that may] cause injury
to persons upon unintentional clesing shall be counterweighted, spring loaded, or provlded with an
automatic lat¢h to retain them in“the open position. Action members, such as springs and latghes that may
cause injury tp persons due to pinching or the like, shall be enclosed or guarded.
6.2.2 A slideout component, such as a drawer or shelf, shall be restrained to prevent [t from being
unintentionally pulled\free of its supporting means. Compliance shall be determined in accordance with the
Component Restraint Test, Section 82.

6.2.3 With the equipment installed in its intended manner as specified in the Installation and Operating
Instructions, Section 94, openings in the equipment shall be constructed or located to reduce the risk of
injury to persons due to unintentional contact with:

a) Moving parts, such as fan blades, blower wheels, gears, and belts, and

b) Surfaces that exceed the temperatures permitted by subitems 2 and 3 of item D of Table 57.1.

6.2.3.1

Except as specified in 6.2.3.2, in evaluating openings, parts of the cabinet or enclosure, such as

covers, panels, grilles, and guards shall be removed unless tools are required for their removal.

6.2.3.2

If a cover, panel, grille or guard can be removed without the use of a tool to expose a moving

part, the moving part shall be made inoperative through the use of an interlocking mechanism complying

with 9.2.1.
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6.2.3.3 Except as specified in 6.2.3.4, the minor dimension of any opening shall not exceed 3 in (76.2
mm).

6.2.3.4 In reference to 6.2.3.3, equipment having an opening with a minor dimension larger than 3 in
(76.2 mm) shall be provided with fixed components located to reduce the likelihood of contact with a
moving part. Fixed components could include baffles, refrigerant tubing, and the like.

6.2.4 Deleted

6.2.5 Except as specified in 6.2.5.2, a fan blade employing a guard with openings having a minor
dimension sized:

a) Legs than 1 in (25.4 mm) shall be guarded such that the probe illustrated in Figure 6.1 cannot
contagt any part of the fan blade.

b) One inch (25.4 mm) or larger shall be guarded such that the distance from-the opening to the fan
blade|complies with Table 6.1.

6.2.5.1 Inrgference to 6.2.5, the probe shall be inserted through openings,in' the guard with{a force of not
more than 2.p Ib (11.1 N).

6.2.5.2 In reference to 6.2.5, if the probe illustrated in Figurg.611 contacts the fan bladg, it shall not
contact any part other than the trailing edge of the fan blade..Also, the relationship between| weight (w) in
pounds, raditis (r) in inches and speed (n) in revolutions per.minhute of the fan blade shall be[such that k in
the following|equation is less than 100:

k=6x 107 (wr? n?)

Figure 6.1

Probe for fan blades

Any Convenient Length —e] "
1/8"R (3.2 mm)

N
1/2" Dia. (12.7 mm)
R I

1" Dia.
(25.4 mm)

M~

-~ 3-1/2" (88.9 mm)— =

PA 160

6.2.6 Except as specified in 6.2.6.1, a moving part other than a fan blade shall be guarded such that the
distance from an opening to the moving part is in accordance with Table 6.1.
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Table 6.1
Clearance from openings
Minor dimension of opening®° Minimum distance from opening to moving part*®

in (mm) in (mm)

1/4 (6.4) 3/8 (9.5)
3/8 (9.5) 1-1/4 (31.8)
12 (12.7) 2 (50.8)
3/4 (19.1) 3-5/8 (92.1)
1 (25.4) 5-1/4 (133.4)
1-12 (38717 8-378 (212.7)
Y. (50.8) 11-5/8 (29%.3)
Ovef 2° (Over 50.8) 30 (762.0)

@ Openings lesg than 1/4 in (6.4 mm) are not to be considered.
® But not more than 3 in (76.2 mm). See 6.2.3.3.
¢ Also applies t¢ hot parts. See 6.2.3 (b).

4 For fan blade puards that have openings with minor dimensions less than 1 in (25.4 mm), seé 6.2.5 (a).

6.2.6.1 In rdference to 6.2.5(b) and 6.2.6, if an opening has a migor'dimension intermediate
of the values|shown in Table 6.1, the distance from the opening4o the moving part shall not
that found by |interpolating between the corresponding values inthe right column of the table.

6.2.7 The rinor dimension of the opening shall be;determined by the largest hemisphe
cylindrical prgbe that can be inserted through the opening with a force of not more than 2.5 Ibs

6.2.8 Deletad

6.2.9 Deletad

6.3 Electrigal protection

6.3.1 Louvers and other openings in the enclosure shall be constructed and located to redu
unintentional contact with_tninsulated live parts. Parts of the enclosure, such as covers, pan

shall be remojved unless:

a) Tools arérequired for their removal, or

b) An

between two
be less than

rically tipped
(1.1 N).

ce the risk of
els, or grilles

6.3.2 If an opening in the enclosure does not permit the entrance of a 3/4 in (19.1 mm) diameter rod, the

probe illustrated in:
a) Figure 6.2 shall not be capable of touching any uninsulated live parts; and

b) Figure 6.3 shall not be capable of touching any film-coated insulated wire.

6.3.2.1 In reference to 6.3.2, the probes shall be inserted through any openings in grilles, screens,
louvers, or the like, with a force of not more than 5.0 Ibs (22.3 N).
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Figure 6.2
Probe

D = 3/8" (9.5mm)

/R = 3/16" (4.8mm)

"

(101.6mm)

— Any Converient
Length

3/4"
(19.1mrh)

PA170A
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Figure 6.3
Probe

3/47 (19.1mm) DIA. —

—a— ANY CONVENIENT LENGTH

1/2" (12.7mm) DIA.

A

PA14C

6.3.3 When
conditions dsg
minor dimens

6.3.4 In ad
enclosure thd
resetting mar

Vi

] —

4" (101.6mm)

1/4" (6:4mm) RAD.
A

ion of the opening shall notexceed 1 in (25 mm) in any case.

an opening in the enclosure permits the entrance of a 3/4 in (19.1 mm) diameter rod, the
scribed in Figure 6.4 shall be used to determine compliance with the requirements. The

dition to the requirements of 6.3.2 and 6.3.3, uninsulated live parts locatgd inside the
t are likely to be_contacted by persons performing operations, such as repjacing fuses,
ual-reset devices, oiling motors, or other such service operations shall be located, guarded
or enclosed t¢ prevent unintentional contact, unless tools are required to expose the live part.
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Figure 6.4

Opening in enclosure

B ———

-

//////////////A
/ i,

X i

- )

ENCLOSURE OPENING

SECTION A-A

AT 77777777 A /2

\ 1
\ I/
\ /
\ /
AN /
\\\‘____ _____/’//
LIVE PART—/-
SECTION B-B
5\\\\\\\\\\1 ////,////2
\ I/
\ J
\ /
AN
\\\
LIVE PART—/-

EC100B

The opening is acceptable when, within the enclosure, there is no uninsulated live part or film-coated insulated wire (1) less than X in
(mm) from the perimeter of the opening, as well as (2) within the volume generated by projecting the perimeter X inches normal to the

plane. X equals five times the diameter of the largest diameter rod that can be inserted through the opening, but not less than 4 in
(102 mm).
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6.3.5 Except as specified in 6.3.5.2 and 6.3.5.4, a switch, lampholder, an attachment-plug receptacle, or
similar component shall be secured in position and shall be prevented from turning. The means for
preventing rotation shall consist of more than friction between surfaces.

6.3.5.1 Inreference to 6.3.5, a stem-mounted switch or other similar device intended for mounting within
a single-hole shall be prevented from rotating by either a:

a) Toothed lock washer; or

b) An interference lock, such as by a notch in the stem of the device.

6.3.5.2 Inreference to 6.3.5, a switch that is not prevented from rotating shall:

a) Be pperated by mechanical means rather than direct contact by persons;
b) Be pf a plunger or other type that does not tend to rotate when operated;
c) Be mounted such that operating the switch is unlikely to loosen it;

d) Nof cause electrical spacings to be reduced below the minimum+fequired valueg specified in
Sectigns 41 — 43 if the switch rotates.

6.3.5.3 In rgference to 6.3.5.2 (b), a toggle switch shall not be.dsed since such a switch is|subjected to
forces that tend to rotate the switch during its operation.

6.3.5.4 Inrgference to 6.3.5, a lampholder that is not preyented from rotating shall:

a) Be pf a type in which the lamp cannot be replaced, such as a neon pilot or indicator light in which
the lamp is sealed in a nonremovable jeweliand

b) Nof cause electrical spacings to bé-reduced below the minimum required valueg specified in
Sectigns 41 — 43 if the lampholder rotates.

6.3.6 Deletgd

6.3.7 An uninsulated current-carrying part, or a part that supports a live part, shall not rely solely upon
friction betwepn surfaces and-shall be positively secured:

a) To the base-or. mounting surface so that it will be prevented from turning or shiftind in position if
such motionxresults in a reduction of electrical spacings below the minimum reduired values
specifledin Sections 41 — 43; or

b) By a toothed lock washer or an interference lock as specified in 6.3.5.1.
6.3.8 Deleted
7 Barriers

7.1 A mechanical barrier shall be secured to the mounting surface such that tools are required for its
removal and shall be formed from one or more of the following:

a) Metal, minimum 0.026 in (0.66 mm) thick,

b) A nonmetallic material which shall be considered a part of the cabinet and which shall comply
with the cabinet requirements of Table 52.1,
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c) Afi

711

nned coil in which the coil is located in the:

1) Vertical plane such that a 2 in long by 1/4 in diameter (51 by 6.4 mm) rod cannot contact

the part or material being protected from the opposite side of the finned coil; or

2) Horizontal plane if the coil employs flat plate fins with a minimum of 12 fins per inch (12

fins per 25.4 mm) and having at least two rows of tubing in depth.

d) Any other material or construction determined to be equivalent to (a) — (c).

An insulating barrier shall:

a) Be

b) Co
subje

c) Be

|7.2 Except
| a) Vu
b) Fib
c)A

toget
Usei

d) An

7.2.1 Anin
not contain 3

7.3 In refer
unless the m

| 7.4 Deleted

8 Accessor

1

& bool b ablo ok ol blo 4 NHH P PP H
CUTTSTTULITU TU WIS tIalmu i TTTUS U STVETT LCUTTUTUHUTT Al TieipatcUu T STITVILT,

mply with 7.2 and with the requirements for mechanical barriers in 7.1 if exposed or otherwise

cted to mechanical damage; and

reliably held in place.

as specified in 7.2.1, an insulating barrier shall be formed from)one or more of th
canized fiber or varnished cloth not less than 0.028 ineh (0:71 mm) thick,
erglass, minimum 0.5 in (12.7 mm) thick,

onmetallic that complies with 5.1 — 5.3 and the functional parts requirements
er with the requirements for electrical insulation in the Standard for Polymer
Electrical Equipment Evaluations, UL 746C,

y other material or construction determined to be equivalentto (a)to (c).

sulating barrier not complying with 7.2 shall be used only for extra-low-voltage g
protective control.

ence to 7.2, a rigidthacking or a mechanical barrier shall be provided behind th
bterials are determined to be suitably rigid.

ies

e following:

of Table 52.1
c Materials —

ircuits that do

ese materials

8.1

Equipment having provisions for the use of electrical accessories to be attached in the field shall be

constructed so that the use of these accessories will not introduce a risk of fire, electric shock, or injury to
persons. See 91.18 and 91.20.

8.2 The equipment shall comply with all requirements of this standard with or without the accessory

installed.

8.3

accomplished by means of receptacles and plug-in connectors.

8.4

connectors, insulated wire connectors, or by connection to existing wiring terminals.

Installation of accessories by the user shall be restricted to an arrangement that can be

Installation of accessories by service personnel shall be by means of receptacles, plug-in

8.5 Accessories intended for connection to a source of field supply independent of that of the unit shall:
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a) Comply with the requirements specified in Section 10 when intended to be a permanently
connected accessory.

b) Comply with the requirements specified in Section 11 when intended to be a cord-connected
accessory.

In no case shall a permanently connected accessory be used with supply cord connected equipment.

8.6 When an accessory is powered from a source of supply separate from that supplying the unit,
disconnection of any one supply shall automatically cause de-energization of all circuits within the unit and

accessory.

Exception: A
accordance W

8.7 Installat

tomatic de-energization may be omitted when the unit and accessory lan
ith 91.36.

on of accessories shall not require the cutting of wiring or the soldering-of conne

installer. Installation shall not require cutting, drilling, or welding either in electrical enclosy

areas where
within the end

8.8 Strain-r
transmitting s|

8.9 Allterm
a) Acg
b) Eqy

c) Wiri
8.10 Them

Exception: W
the equipmen
mounting loca

8.11 As parf
feasible, the i
of fire, electrig

such operations may result in damage to electrical or refrigeration componen
losure.

blief means shall be provided for the wiring in the actessory when there is a
fress to the terminal connections during installation~See Strain Relief Test, Sect

nals and wiring intended to be field connectedishall be identified on the:
essory,
ipment when connections are to be:made between the accessory and the equip

ng diagram(s).
bunting location of the accessory shall be indicated on the equipment.

hen the mounting_ lecation is fixed due to the function of the accessory and ari
t, and instructions.are provided covering the installation and location for the a
tion of the aecessory need not be indicated.

of the investigation, accessories are to be trial-installed to determine that their

shoek, and injury to persons.

e marked in

ctions by the
res, or other
s and wiring

possibility of
on 64.

ment, and

angement of
ccessory, the

nstallation is

nstructions are detailed and correct, and the use of the accessories does not infroduce a risk

9 Enclosures

9.1

9.11

General

An enclosure shall be formed and assembled so that it will have the strength and rigidity necessary

to resist the conditions of intended use without increasing the risk of fire or injury to persons due to total or
partial collapse and the resulting reduction of spacings, loosening or displacement of parts, or other
defects. Enclosures for individual electrical components, outer enclosures, and combinations of the two
are to be considered in determining compliance with this requirement.

9.1.2 Among the factors that are to be taken into consideration when judging the acceptability of an
enclosure are:
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a) Mechanical strength,

b) Resistance to impact,

c) Moisture-absorptive properties,
d) Flame resistance,

e) Resistance to distortion at temperatures to which the material may be subjected under
conditions of use, and

f) Resistance to corrosion.

For a nonmefallic enclosure or part of an enclosure, all of these factors, including the effect af exposure to
weathering when for outdoor use, are to be considered with respect to aging.

9.1.3 The ¢nclosure of the equipment shall reduce the risk of mechanical damage to wiling, electrical
componentsand refrigerant tubing.

9.1.4 The |enclosure shall reduce the risk of emission of molten metal, burning insulation, flaming
particles, or [the like, through openings onto flammable material, including the surface oyer which the
equipment isfmounted.

9.1.5 Elecfrical components, such as controls, solenoids, ‘starting relays, and switches, shall be
individually e@nclosed except terminals unless it can be determined that failure of a comppnent will not
result in a risk of fire. See Burnout Tests — Electromagneti¢;,Components, Section 65.

9.1.6 Electfical parts, see 9.1.5, within the outer<Cabinet need not be individually enclosed when the
assembly complies with (a) — (c):

a) Their construction and location with’respect to openings in the outer cabinet will ngt result in the
emisgion of flame or molten metalthrough openings in the cabinet, or it can be shown|that failure of
the cgmponent would not result in a risk of fire,

b) There are no openings:in the bottom of the compartment in which the part is located that would
permit dropping of melten metal, and the like, on flammable material, and

¢) The part is notlinproximity to flammable material other than electrical insulation.

9.1.7 A sheet metal enclosure is to be judged for acceptability with respect to its size, [shape, metal
thickness, and use in a partlcular appllcatlon Sheet steel shall be not less than 0. 026 in (O 66 mm) thick
when uncoated-or 0.029 in (C =Tala S g not less than
0.036 in (0.91 mm), except for relatlvely small areas or for surfaces WhICh are curved or otherwise
reinforced.

9.1.8 Sheet metal to which a wiring system is to be connected in the field shall be not less than 0.032 in
(0.081 mm) thick when uncoated steel, not less than 0.034 in (0.86 mm) thick when galvanized steel, and
not less than 0.045 in (1.14 mm) thick when nonferrous.

9.1.9 When threads for the connection of conduit are tapped through a hole in an enclosure wall, or
when an equivalent construction is employed, there shall be not less than three nor more than five threads
in the metal, and the construction shall permit a conduit bushing to be attached. When threads for the
connection of conduit are not tapped through a hole in an enclosure wall, conduit hub, or the like, there
shall be no less than 3-1/2 threads in the metal, and there shall be a smooth, rounded inlet hole for the
conductors that shall afford protection to the conductor equivalent to that provided by a standard conduit
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bushing and have an internal diameter approximately the same as that of the corresponding trade size of
rigid conduit.

9.1.10 A knockout in a sheet metal enclosure shall be secured in place, but shall be capable of being
removed without deformation of the enclosure that would result in damage to electrical components,
reduction in electrical spacings, or both. See 9.1.12.

9.1.11 A knockout shall remain in place when a force of 10 Ib (44.5 N) is applied at right angles to the
knockout by a 1/4 in (6.4 mm) diameter mandrel with a flat end. The mandrel shall be applied at the point
most likely to cause movement of the knockout.

9.1.12 A knpckout-shall-be-provided-with-a-flat-surrounding-suiface-for-seating-of-a-condui
shall be locatged so that installation of a bushing at any knockout likely to be used during insta
reduce spacings between uninsulated live parts and the bushing to less than those required.

bushing and
lation will not

9.1.13 In measuring a spacing between an uninsulated live part and a bushing installed in I knockout, it
is to be assumed that a bushing having the dimensions indicated in Table 9.4.is'in place, if conjunction
with a single lpcknut installed on the outside of the enclosure.

9.1.14 Stee] enclosures shall be protected against corrosion by metallic*or nonmetallic coat|ngs, such as
plating or painting. See 9.3.1 — 9.3.6.

Table 9.1
Knockout or hole sizes and dimensions of bushings

Trade size of conduit, in Knockout or hole diameter, Bushing dimensions
(mm|OD) in (mm) Diameter, in (mm) Overall height, in (mm)

12 (21.3) 7/8 (22.2) 1 (25.4) 3/8 (9.5)
3/4 (26.7) 1-3/32 (27.8) 1-15/64 (31.4) 27/64 (10.7)

1 (33.4) 1-23/64 (34.5) 1-19/32 (40.5) 33/64 (13.1)
1-1/4 (42.3) 1-23/32 (43.7) 1-15/16 (49.2) 9/16 (14.3)
1-1/2 (48.3) 1-31/32 (50.0) 2-13/64 (56.0) 19/32 (15.1)

2 (60.3) 2-15/32 (62.7) 2-45/64 (68.7) 5/8 (15.9)

9.2 Doors dnd covers

9.21 In referrence to 6.2.3.2 or 6.3.1 a required interlocking mechanism shall comply witH the relevant
requirementsin 17.8—17.16.3and 17.17 — 17.17.T and shalr

a) Be engaged with the cover in the closed position before parts are energized, and

b) Secure the cover in the closed position when engaged.

9.2.2 A hinged or pivoted panel or cover shall be positioned or arranged so that when it is in an open
position falling or swinging due to gravity or vibration will not cause injury to persons from:

a) The panel or cover,
b) Moving parts, or

c) Uninsulated live parts that can cause a risk of electric shock.
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9.2.3 The assembly shall be arranged so that an overcurrent protective device, such as a fuse, can be
replaced and manual-reset devices can be reset:

a) Without removing parts other than a service cover(s) or panel(s), and

b) By opening the cover or door enclosing the device.

9.2.4 A required protective device shall not be accessible from outside the enclosure without opening a
door or cover.

Exception: The operating handle of a circuit breaker, the reset button of a manually resettable motor
protector, the reset button of a manually resettable pressure switch, and similar parts may project outside
the enclosurg, provided that the clearance between the control member and the edge of the ¢pening in the
outer enclostire is not more than 1/8 in (3.2 mm) for any setting or position of the control member.

9.2.5 Covers for enclosures of fuses in high-voltage circuits shall be hinged. Covers formanual-reset

overload pro

Exception: A
a) Su

than a fixed control circuit load such as a pilot lamp) are within the same enclosure; or

b) Su
crank

c) Ex
d) Fu

9.2.6 A coV
closed, but s

9.2.7 With

ective device enclosures shall be hinged if it is required to open the cever to res

hinged cover is not required when the only fuses enclosed are:

pplementary type control circuit fuses, provided that the fuses and control circu
pplementary type fuses of 2 amp or less for:small auxiliary resistance hea
case heaters, with a maximum rating of 100 W; er

ractor-type fuses with their own enclosuré; or

5es in extra-low-voltage circuits.

er required to be hinged shall not depend solely upon screws or other similar m
nall be provided with a latch ‘0r'the equivalent.

mechanical

open is acceptable. When provided as the sole means for securing the cover an interlockin
as described|in 9.2.1 is alSe acceptable.

9.2.8 A dopr or cover giving direct access to fuses in other than extra-low-voltage circu
closely against a 1/4 in (6.4 mm) rabbet or shall have either turned flanges for the full length
or angle strigs\fastened to it. Flanges or angle strips shall fit closely with the outside of the y

eference to the requirements of 9.2.6, a spring latch, a magnetic latch, a dimple
rrangement that will"hold the cover closed and will require some effort on the

bt the device.

t loads (other

fers, such as

pans to hold it

, or any other
user's part to
g mechanism

its shall shut
of four edges
all of the box

and shall overlap the edges of the box by not less than 172 in (12.7 mm). A construction, such as a fuse
enclosure, located within an outer enclosure, or a flange and rabbet combination that affords the
equivalent protection is acceptable.

9.2.9 Strips used to provide rabbets, or angle strips fastened to the edges of a door shall be secured at
not less than two points, not more than 1-1/2 in (38 mm) from each end of each strip and at points between
these end fastenings, not more than 6 in (152 mm) apart.
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Table 9.2
Corrosion protection means

Type of cabinet and enclosure

Thickness 0.053 in (1.35 mm) and
heavier as specified by

Thickness less than 0.053 in (1.35
mm) as specified by

Outer cabinets which protect motors, 9.3.2 9.3.3
wiring or enclosed current-carrying parts

Inside enclosures which protect current- 9.3.2 9.3.3
carrying parts other than motors

Outer cabinets which are the sole 9.3.3 9.3.3

enclosure of current-carrying parts

9.3 EncIosnllres exposed to weather

9.3.1

Sheet steel cabinets and electrical enclosures exposed to the effects of weathefing shall be

protected ag
coatings that

Exception: TH
required for ¢

9.3.2 To con

a) Hot
Table

Coate
of the

binst corrosion by the means specified in Table 9.2 or by other(metallic o
provide equivalent protection.

ese requirements are not applicable to a metal part, such as’a decorative gril
bnformance with this standard.

nply with the requirements of 9.3.1, one of the following coatings shall be used:

-dipped mill-galvanized sheet steel conforming.with the Coating Designation G
1 of the Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zi
i (Galvannealed) by the Hot-Dip Processi ASTM A653/A653M, with not less tha

zinc on any side, based on the minimum single spot test requirement i

9.3.3

Specification. The weight of zinc coating may be determined by any recognized meth
in casg of question, the weight of coating shall be established in accordance with the

applief to an average thickness of not less than 0.00041 in (0.0104 mm) on each s
minimum thickness of-0:00034 in (0.0086 mm). The thickness of the coating shall be e
the Mgtallic-Coating, Thickness Test, Section 86. An annealed coating shall also compl

nonmetallic

e, that is not

60 or A6O in
hc-Iron Alloy-
n 40 percent
n the ASTM
od; however,
tandard Test
oy Coatings,

el, uniformly
Lrface with a
stablished by
y with 9.3.4.

c) Twg coats of,an organic finish of the epoxy or alkyd-resin type or other outdoor paint on both
surfaces. Unless acceptability of the paint can be determined by consideration of its [composition,
corrogion.tests are required.

To comply with 9.3.1, one of the following coatings shall be used:

a) Hot-dipped mill-galvanized sheet steel conforming with the Coating Designation G90 in Table 1
of the Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated
(Galvannealed) by the Hot-Dip Process, ASTM A653/A653M, with not less than 40 percent of the
zinc on any side, based on the minimum single spot test requirements in that ASTM Specification.
The weight of zinc coating may be determined by any recognized method; however, in case of
question, the weight of coating shall be established in accordance with the Standard Test Method
For Weight [Mass] Of Coating On Iron And Steel Articles With Zinc Or Zinc-Alloy Coatings, ASTM
A90/A90M.

b) A zinc coating, other than that provided on hot-dipped mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00061 in (0.0155 mm) on each surface with a
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minimum thickness of 0.00054 in (0.0137 mm). The thickness of the coating shall be established by
the Metallic-Coating Thickness Test, Section 86. An annealed coating shall also comply with 9.3.4.

¢) A cadmium coating of not less than 0.001 in (0.025 mm) thick on both surfaces. The thickness of
coating shall be established in accordance with the Metallic-Coating Thickness Test, Section 86.

d) A zinc coating conforming with 9.3.2 (a) or (b) with one coat of outdoor paint as specified in
9.3.2(c).

e) A cadmium coating of not less than 0.00075 in (0.0191 mm) thick on both surfaces with one coat
of outdoor paint on both surfaces or not less than 0.0005 in (0.013 mm) thick on both surfaces with
two coats of outdoor paint on both surfaces. The thickness of the cadmium coating shall be

established-in-accordance h-the-Mets alat: hicknessTest,-Section-86-andthe paint shall
be as|specified in 9.3.2(c).
9.3.4 An arnealed zinc coating that is bent or similarly formed after annealing shall be’painted in the bent

or formed arga if the bending or forming process has damaged the zinc coating, ds-evidence

cracking of

magnification.

9.3.5 With

not considergd to be formed, but extruded and rolled edges and holes shall comply with 9.3.4|.

9.3.6 With
finishes, and
without anng
indicate that

judging the #acceptability of such coating systems-are exposure to salt spray, to moist ca

sulphur dioxi
9.3.7 Nonfe

9.3.8 Gask
comply with
properties ar

a) Be
b) Be

he zinc coating at the outside radius of the bent or formed section visible

reference to the requirements of 9.3.7, simple sheared of cut edges and punc

reference to the requirements of 9.3.1, otherfinishes, including paints, sp
combinations of the two, are acceptable when eomparative tests with galvaniz
aling, wiping, or other surface treatment.complying with 9.3.2(a) or 9.3.3(a),
they provide equivalent protection. Among the factors to be taken into consig

He-air mixtures, to moist hydrogen sulphide-air mixtures, and to ultraviolet light &
rrous enclosures may be employed without special corrosion protection. See 9.1
ets required to seal electrical enclosures against the entrance of rain and con
83.1 — 83.4.2 or with. the Standard for Gaskets and Seals, UL 157 if the g4

b equivalent to those specified in 83.1 — 83.4.2. In addition, each gasket shall:

held in place.by mechanical fasteners, adhesives, or as indicated in 9.3.9; and

neoprene, rubber, or thermoplastic or other materials with equivalent properties

9.3.9 Sealing.compounds required to seal electrical enclosures shall comply with 83.5.

]

j by flaking or
at 25 power

hed holes are

ecial metallic
d sheet steel
s applicable,
eration when
rbon dioxide-
nd water.

1.2.

densate shall
sket physical

9.3.10 Adhesives required to secure gaskets shall comply with 83.6.

9.3.11

In reference to 9.3.8(b), gaskets that are not held in place by mechanical fasteners or adhesives

but are intended to be retained in the correct position by some other means shall be prevented from
displacement either:

a) Due to their location within the equipment; or

b) By the placement of other components in the enclosure so that if the equipment cover is
removed, the gasket will be reengaged in the intended manner when the cover is replaced.
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10 Field Su

10.1

10.1.1

pply Connections

General

supply in accordance with the National Electrical Code, ANSI/NFPA 70:

a) Equipment rated in excess of 250 V.

b) Polyphase equipment.

c) Equipment employing a water-cooled condenser.

Equipment of the following types shall have provision for permanent connection to the power

d) Ex

ampeles. The largest sum of concurrent load currents shown on the nameplate\shz

detern
e) Equ

10.1.2 As U
power supply
installed.

10.1.3 A K
accommodaty

10.1.4 Spaq
of the numbe
of at least 6-
required, a tri

Exception: G
instructions.

10.1.5 The

shall permit these connections’to be inspected after the equipment is installed. The connecti

accessible wi
compartment

10.1.6 Ate

cept as indicated in 11.10 equipment in which the sum of the load current

hine the rating.

ipment other than of the self-contained type.

control, or equipment grounding connections will be made\in the field when the
nockout for connection of a field-wiring system to a field-wiring compa
e conduit of the trade size determined by applying Table 10.1.

e shall be provided in the field-wiring compartment or outlet box for installation (

n (150-mm) lengths of Type TW or"\THW wire brought into the wiring compar
bl installation is to be made.

onductors other than Type” TW or THW may be used if specified in th

ocation of a terminal'box or compartment in which power supply connections ar

thout removing parts other than a service cover or panel and the cover of the
in which-the"connections are made.

rminal compartment intended for the connection of a supply raceway shall b
hall be prevented from turning

position and 9

D

exceed 16
Il be used to

sed in 10.2.1 — 10.2.10, field-wiring terminals are considered to be the termimals to which

equipment is

rtment shall

f conductors

[ and size required by 10.1.7. The space provided shall permit the required number and size

Iment. When

b installation

b to be made
bns are to be
outlet box or

e secured in

10.1.7 The equipment shall be provided with field-wiring terminals or leads for the connection of
conductors having an ampacity of not less than that indicated in 92.11. It is to be assumed that branch
circuit conductors rated 140°F (60°C) will be used when the required circuit ampacity is 100 amp or less
and that conductors rated 167°F (75°C) will be used when the required ampacity is more than 100 amp.
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10.2 Terminals
Table 10.1
Trade size of conduit in inches (mm OD)
Wire size Number of wires
AWG (mm?) 2 3 4 5 6

14 2.1) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3)

12 (3.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) 3/4 (26.7)

10 (5.3) 1/2 (21.3) 1/2 (21.3) 112 (21.3) 3/4 (26.7) 3/4 (26.7)

8 (8.4) 3/4 (£0.7) 3/4 (£0b.7) 1 (33.4) 1 (33.4) 11/4 (42.3)

6 (13.3 3/4 (26.7) 1 (334) 1 (334) [ 114 (423)], 114 (423)

4 (21.2) 1 (33.4) 1 (33.4) | 114 (423) | 1114  (423)7| 1f1/2  (4833)

3 (26.7) 1 (33.4) | 114  (423) | 1114  (423) | 112 _(~483) | 112  (483)

2 (33.6) 1 (33.4) 1-1/4  (42.3) 1-1/4  (42.3) 1-1/2 (48.3) 2 (60.3)

1 (42.4) 1-1/4 (42.3) 1-1/4  (42.3) 1-1/2  (48.3) 2 (60.3) 2 (60.3)
Note — This taljle is based on the assumption that all conductors will be of the same size‘and there will be no more than six
conductors invplved or when all of them are not of the same size, the internal cross-sectional area of the smallest cpnduit that may
be used is detgrmined by multiplying by 2.5 the total cross-sectional area of the wires, based on the cross-sectiona| area of Type
THW wire.

10.2.1 A field-wiring terminal shall be secured in position" and prevented from turning pr shifting by

means other
shoulders or]
part; or by sg

10.2.2 For
connectors

conductors, the parts to which wiring-connections are to be made may consist of clamps o

screws with ¢

10.2.3 A wi
except that a
14 AWG (2.1
AWG (1.2 or

10.2.4 It sh

mortices; by a dowel pin, lug, or offset; by a connecting strap or clip fitted int
me equivalent method.

field-wiring terminals intended-for 8 AWG (8.4 mm?) and larger conductors,
shall be used. For field-witihg terminals intended for 10 AWG (5.3 mm?)

upped washers, terminal-plates, or the equivalent to hold the wire in position.

re binding screw at)a field-wiring terminal shall not be smaller than No. 10 (4.8 n
No. 8 (4.2 mm\diameter) screw may be used for the connection of a conductor

mm?) and«a\No. 6 (3.5 mm diameter) screw may be used for the connection
0.8 mm?).€ontrol circuit conductor.

ould _be noted that according to the National Electrical Code, ANSI/NFPA 70,

than friction between surfaces. This may be@accomplished by two screws or rivets; by square

b an adjacent

bressure wire
and smaller
r wire binding

hm diameter),
ho larger than
of a 16 or 18

14 AWG (2.1

mm?) is the {

mallest conductor that the installer may use for branch circuit wiring and thus i

5 the smallest

conductor that may be anticipated at a terminal for the connection of a power supply wire.

10.2.5 A terminal plate for a wire binding screw shall be of metal not less than 0.030 in (0.76 mm) thick
for a 14 AWG (2.1 mm?) or smaller wire and not less than 0.050 in (1.27 mm) thick for a wire larger than 14
AWG. In either case, there shall be not less than two full threads in the metal.

10.2.6 A terminal plate formed from stock having the minimum required thickness may have the metal
extruded at the hole tapped for the binding screw to provide two full threads.

Exception: Two full threads are not required if a lesser number of threads results in a connection in which
the threads will not strip when tightened in accordance with the torques indicated in the Standard for Wire

Connectors,

UL 486A-486B.
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10.2.7 Upturned lugs or a cupped washer shall retain a conductor of the size mentioned in 10.1.7, but no
smaller than 14 AWG (2.1 mm?), under the head of the screw or the washer.

10.2.8 Wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum conductors,
shall comply with 10.2.1, 10.2.3, 10.2.5, 10.2.6, 10.2.9, and 10.2.10 or with the Standard for Equipment
Wiring Terminals for Use with Aluminum and/or Copper Conductors, UL 486E.

10.2.9 A wire binding screw shall thread into metal.

10.2.10 A field-wiring terminal intended for the connection of a grounded conductor shall be of a metal,
or plated with a metal substantially whlte in color and shaII be readily d|st|ngwshable from the other
terminals, or jdenti : an attached
wiring diagra

10.3 Leads

al extra-low-
vith all of the

10.3.1  Lead
voltage circui
following:

s intended for connection to any external high-voltage circuit or 10 an extern
[ that contain one or more of the components specified in 42.3,shall comply

a) Be pne of the types of wiring specified in 12.1.3;

b) Be|6 inches (152 mm) or more in length, as measured from the lead end to th¢ strain relief

meansg,

c) Be

internal wiring. In such cases, leads shall comply with the Strain Relief Test, Section 64;

d) No
compd

unless the use of a shorter lead is required to.prevent damage to the lead insu

provided with strain relief if stress on thedead may be transmitted to terminal

be connected to wire binding setews or pressure wire connectors located
rtment as the lead ends (that areJintended for spliced connections to the field-

ation;

5, splices, or

in the same
iring) unless

the screws or connectors are rendered unusable for field-wiring connections or the I¢ad ends are
insulafed; and

the end can
high-voltage

e) Be nsulated at the freetend, if the lead will not be used in every installation and i
reduc¢ spacings below-thé minimum acceptable values specified in Section 41 for
circuits or Section 42 forextra-low-voltage circuits.
10.3.2 Aled w a white or
gray color, sh

d intended-for the connection of a grounded conductor shall be finished to shd
bl be distinguishable from other leads, and no other lead shall be so identified.:

10.4 Groun

ding

10.4.1  Equipment shall have an equipment grounding terminal or lead.
10.4.2 A terminal intended solely for connection of an equipment grounding conductor shall be capable
of securing a conductor of the size required by the National Electrical Code, ANSI/NFPA 70.

10.4.3 A soldering lug, a push-in connector, a screwless connector, or a quick connect or similar friction
fit connector shall not be used for the grounding terminal.

10.4.4 A wire binding screw intended for the connection of an equipment grounding conductor shall have
a green-colored head that is hexagonal, slotted, or both. Except as indicated in 10.4.5, a pressure wire
connector intended for connection of such a conductor shall be plainly identified such as by being marked
‘G, “GR,” “GROUND,” or “GROUNDING,” or by a marking on a wiring diagram provided on the
equipment. The wire binding screw or pressure wire connector shall be secured to the frame or enclosure
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of the equipment and shall be located so that it is unlikely to be removed during service operations, such
as replacing fuses, resetting manual-reset devices, or oiling motors.

10.4.5 When a pressure wire connector intended for grounding is located where it could be mistaken for
the neutral conductor of a grounded supply, it shall be identified by a marking “EQUIPMENT GROUND”,
by a green color identification, or by both.

10.4.6 The surface of an insulated lead intended solely for the connection of an equipment grounding
conductor shall be finished in a continuous green color or a continuous green color with one or more

yellow stripes, and no other lead shall be so identified.

10.4.7 Funetional grnl |hr1ing shall nat ho ralied upoh for r=Yal |ipmnh+ grnllnding_
11 Supply Connections — Cord-Connected Equipment
11.1  Cord-¢onnected equipment shall be provided with:
a) A rjon-detachable power supply cord for connection to the supply:by.means of a plyg; or
b) An| appliance coupler and inlet (motor attachment plug) forreonnection of a detaghable power
supply cord and either a detachable power supply cord ordinstructions for selection| of a suitable
detachable power supply cord.
11.2 In reference to 11.1, a power supply cord and plagJor appliance coupler shall comply with the
Standard for| Cord Sets and Power Supply Cords, UL _817. An inlet shall comply with the| Standard for
Attachment Plugs and Receptacles, UL 498.
11.3 Cord gonnected equipment consisting of two separate units joined together or two of the same units
in a single $tructure may be provided withCmore than one power supply cord if all of [the following

conditions ar
a) No

b) Ea
load 9

c) Ea

d) Th
than 2

E met:
I more than two cords are provided;

ch cord is of the type; size and rating required or permitted for the type of equip
upplied to each-unit;

ch attachmeént plug cap is sized based on the load supplied to each unit;

b total marked nameplate equipment load in amperes (current through both cord
P4 amperes;

ment and the

S) is not more

e) If both cords provide power to the same control enclosure or electrical panel that could result in
an electrical shock, fire hazard or injury to persons, the equipment shall be provided with a
mechanical or electrical interlock system that results in all ungrounded conductors of the supply

being

disconnected in the event that either cord is disconnected;

f) The markings in 93.3 (a) and (c) are provided; and

g) The instructions contain information as indicated in 94.9.

1.4

In reference to 11.3, where the rated current input to both units exceeds 80 percent of the branch

circuit to which the equipment will be connected, the unit with the highest rated current input shall be
marked adjacent to its cord in accordance with 93.3 (b).

11.5 The rating marked on the equipment in accordance with 93.1 shall not exceed 80 percent of the
attachment plug rating.
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11.6 Except as indicated in 11.7, cord-connected equipment shall employ a grounding-type attachment
plug that complies with the ANSI designation specified in Table 11.1 based on the equipment voltage and
ampere rating.

Table 11.1
Attachment plugs

Nameplate rating Attachment plug
Volts Phase Amperes? Rating ANSI designation®
110- 120 1 12.0 15 amperes, 125 volts 5-15P
110 - 128 4 46-6 20-amperes—+25-veits 5-20P
110-1 1 24.0 30 amperes, 125 volts b-30P
110-1 1 40.0 50 amperes, 125 volts 6-50P
200-2 1 12.0 15 amperes, 250 volts B-15P
200 -2 1 16.0 20 amperes,«250 volts B-20P
200-2 1 24.0 30 amperes;,.250 volts® B6-30P
200 - 240 1 40.0 50 amperes, 250 volts® B-50P
110 — 120/20Q — 240 1 12.0 15 amperes, 125/250 4-15P
volts
110 — 120/20Q - 240 1 16.0 20 amperes, 125/250 4-20P
volts
110 — 120/20Q - 240 1 2440 30 amperes, 125/250 4-30P
volts®
110 — 120/20Q - 240 1 40.0 50 amperes, 125/250 4-50P
volts®
200 — 240 3 12.0 15 amperes, 250 volts 5-15P
200 - 240 3 16.0 20 amperes, 250 volts 5-20P
200 - 240 3 24.0 30 amperes, 250 volts® 5-30P
200 — 240 3 40.0 50 amperes, 250 volts® 5-50P
@ Ampere rating is maximum permitted to be marked on equipment nameplate for attachment plug indicated. See 11.5.
b Standard for Wiring Devicés'— Dimensional Requirements, ANSI/NEMA WD6.
¢ 30 and 50 amp attachment plugs permitted only on equipment intended to be moved from place to place in normal|service for
cleaning as spqcified in11.10.

11.7 In reference to 11.6, if the grounding-type attachment plug does not comply with the ANSI
designation specified in Table 11.1, then the equipment shall be rated 250 V or less and shall be intended
for connection to circuits rated for other than:

a) 60 Hz; and/or

b) The voltages specified in the first column of Table 53.1.

11.8 The power supply cord shall be provided with an equipment grounding conductor terminating within
the equipment. The supply cord equipment grounding conductor shall be:

a) Finished with a continuous green color or with a continuous green color with one or more yellow
stripes, and no other conductor shall be so identified;


https://ulnorm.com/api/?name=UL 1963 2021.pdf

MARCH 25, 2021 UL 1963 37

b) Secured to the frame or enclosure of the equipment by a positive means that is not likely to be
removed during any servicing operation not involving the power supply cord. A sheet metal screw
or quick-connect terminal shall not be used; and

c¢) Connected to the grounding blade of the attachment plug.

11.9 Cord connected equipment shall employ Type SEO, SO, SOO, STO, STOO, SJEO, SJO, SJOO,
SJTO, or SJTOO power supply cord rated for use at a voltage not less than the rated voltage of the
equipment. The ampacity of the cord as given in the National Electric Code, ANSI/NFPA 70, shall be not
less than that required by the ampere input measured in the Temperature and Pressure Test, Section 57.
The ampere input value shall include the loads for convenience outlets and the current drawn by

accessories intended for use with the equipment. See 91.11 and 91.12.

11.10 Inre
all of the folld

erence to 10.1.1 (d), cord-connected equipment that exceeds 16 amperes' sha
wing:

| comply with

a) Belintended to be moved from place to place in normal service;

b) Be|self-contained;

c) Noi require connection to water lines, or the like;

d) Be|permanently equipped with casters;

e) Haye an electrical rating not exceeding 40 amp, 250V, single phase.
11.11  The pmpacity of a power supply cord on equipment intended for connection to a pranch circuit
which exceefs the limitations specified in 19.3.2 (a), shall be not less than 80 percent of the maximum
continuous ¢urrent of the compressor motor:determined in accordance with Protectije Devices —
Maximum Co¢ntinuous Current Test, Section 75; plus the sum of all other loads, includingl accessories,
which may operate concurrently.

Exception: T
attachment g

1112 A po
identified by

11.13 The
m) as measy
or the last stf

he ampacity of the power supply cord need not be greater than the ampere
lug.

wer supply cord fer outdoor use equipment shall be one of the types specifie
he letter “W”ollowing the cord type designation marked on the jacket.

ength .of a power supply cord shall be not less than 6 feet (1.8 m) nor more tha

ain‘relief, whichever is shorter.

rating of the

d in 11.9 and

n 10 feet (3.0

red between the attachment plug and any point at which the cord exits the equipment cabinet

11.14 The power supply cord shall be provided with strain relief means so that a stress on the cord will
not be transmitted to terminals, splices, or internal wiring. The strain relief means shall comply with the

Strain Relief

Test, Section 64.

11.15 Moving a power supply cord inward shall not result in either:

a) Cord damage; or

a) A metallic strain relief being able to contact uninsulated live parts. Spacings in accordance with
Sections 41, 42 or 43 shall be maintained.

11.16 The edges of the entry hole for the power supply cord, including the cord entry hole in a bushing,
shall be smooth and rounded without burrs, fins, or sharp edges that might damage the cord insulation.
The power supply cord shall be routed to prevent damage to the cord insulation.
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121

12.11

Internal Wiring and Wiring Methods

General

a) Sharp edges,

All wires and cords shall be routed and supported to reduce the risk of damage due to:

b) Surfaces and parts that operate at temperatures in excess of that for which the wire insulation is

rated,

¢) Moving parts, and

d) Par
the lik

Clamping me

Exception: W]
a) The
b) The

c) Vib

12.1.2  Wirin
be subjected.

a) Wifi
applic

b) Oth

c) Mot

hns shall have smooth, rounded surfaces.

res and cords may contact a vibrating part provided that:

ation does not place a strain on the wiring or witing connections.

g shall have insulation rated for the potential involved and the temperatures to
Compliance shall be determined in accerdance with any of the following:

bble temperature test specified in57.1;

er than motor wiring, all wiring shall:

or wiring shall'have an ampacity not less than 125 percent of the motor full load
operafing currentrating in addition to complying with item (b).

wiring is securely fastened to the part at the point of contact so as to restrict mo

part does not have burrs, fins, or sharp edges, that-might abrade the insulation;

ng temperatures shall be judged™on the basis of the temperatures measure

1) Have an ampacity.of the conductors in accordance with Table 12.1, and

2) Not be exposed to heat from radiating sources or heated components.

Es that can be expected to vibrate, such as motors, compressor motors, refrigerelant lines, and

)

-

vement;

and

which it may

d during the

or maximum

Table 121

Wiring material ampacities

Wire size
AWG (mm?) Ampacity
22 (0.41) 4
20 (0.66) 7
18 (0.82) 10
16 (1.3) 13
14 @2.1) 18
12 (3.3) 25

Table 12.1 Continued on Next Page
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Table 12.1 Continued

Wire size
AWG (mm?) Ampacity
10 (5.3) 30
8 (8.4) 40
6 (13.3) 55
4 21.2) 70
2 (33.6) 95
1 (42.4) 110

Note — The anf

For types of wi
the Canadian §
ANSI/NFPA 70

[pacities shown apply to appliance wiring materials with insulation rated not less than 194°F (90°C).

res other than appliance wiring materials, the ampacity shall be determined from Tables 1 through.4
Flectrical Code, Part |, CSA Standard C22.1 and Tables 310-16 and 310-17 in the National Electrical
, for the type of wire employed. The correction factors of the referenced tables need not.be applied.

Bnd Table 12 in
Code,

12.1.3  Wiri
a) St3
b) Sta
c) Stg
d) Stg
12.1.4 Wirg

12.1.5 Wiri

conductors, and wiring used for other purpaeses shall not be so identified.

12.1.6 All
unless the in
caused by ¢
enclosures a

Exception: W
a) Th

ng shall comply with one of the following:

ndard for Appliance Wiring Material, UL 758;

ndard for Thermoset-Insulated Wires and Cables, UL-44;
ndard for Flexible Cords and Cables, UL 62; or

ndard for Thermoplastic-Insulated Wires and,Cables, UL 83.
positioning devices shall comply with the Standard for Positioning Devices, UL

hg that is green or green with one or more yellow stripes shall be used only

vires and cords shall be_routed and supported so that they will not be imme]
sulation is specifically intended for this purpose. Wiring shall be arranged to
bndensation, defrosting, or if intended for outdoor use, rain exposure, from e
hd electrical enclosures.

ater may‘enter an enclosure when:

e point of entrance is not in proximity to live electrical parts, and

1565.
for grounding
rsed in water

brevent water
ntering wiring

b) Th

TH i £ b ool
C NvG Parts arc riut wetlcu.

12.1.7 Parallel conductor appliance wiring material of the integral type shall not be ripped more than 3 in
(76 mm) unless the minimum wall thickness of the conductor insulation after ripping is at least 0.058 in
(1.47 mm). If the material has conductor insulation not less than 0.028 in (0.71 mm) after ripping and is
within a separate metal enclosure, conduit, electrical metallic tubing, or metal raceway, the length of rip is

not limited.

12.1.8 When cords or appliance wiring material are employed in the machine user accessible
compartment, such wiring shall be of a type as indicated by Group B of Table 12.2 and shall be located or
protected so as not to be damaged by refrigerant containers, removable shelves, or similar items.
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Table 12.2
Typical wiring materials
Wire size Insulation thickness
Group Type of wire, cord, or cable? AWG (mm?) in (mm)
10 and smaller (5.3) 2/64 (0.8)
8 (8.4) 3/64 (1.2)
6 (13.3) 4/64 (1.6)
4 (21.2) 4/64 (1.6)
Thermoplastic appliance wiring
material®, with insulation thicknesses 3 (26.7) 4/64 (1.6)
shawn at the right corresponding to wire 2 (33-63 41k (1.6)
A sizps indicated, or type ACHH, ACTH,
AQTHH, FFH-2, TF, TFF, TFN, TFFN, 1 (42.4) 5/64 (2.0)
SFt2, SFF-2, RHH, RHW, THW, XHHW.
, , , , , ) 1 4. 4 2.
MTW, THWN, PF, PGF, PFF, PGFF, TW /0 (54.0) 5/6 2.0)
2/0 (67.0) 5/64 (2.0)
3/0 (85.0) 5/64 (2.0)
4/0 (107.2) 5/64 (2.0)
B Appliance wiring material® having 18 (0.82) 4/64 (1.6)
thgrmoplastic, or neoprene insulation,
with insulation thicknesses shown at 16 (1:8) a/64 (1.6)
right corresponding to the wire sizes 14 (2.1) 5/64 (2.0)
indicated; or cord Type S, SE, SO SOO,
ST| STO, STOO; SJ, SJE, SJO, SJOO, 12 (3.3) 5/64 (2.0)
SJ[I, SJTO, SIJTOO; SP-3, SPE-3, SPT- 10 (5.3) 5/64 (2.0)
3
8 (8.4) 6/64 (2.4)
6 (13.3) 8/64 (3.2)
4 (21.2) 9/64 (3.6)
2 (33.6) 10/64 (4.0)
Rupber appliance wiring material2-With
insulation thickness shown at the right
cofresponding to wire sizes indicated, or
C Type S, SJ, SP-3 Same as for Group B
@ The designatdd cord or cable or types‘of wire other than appliance wiring material may be used without regard to the values

® Appliance wiri

specified in this|table.

hg material acceptable for refrigeration use.

12.1.9

If wi

operations su
or protected to reduce the risk of damage to the insulation. If the wiring is exposed to the user, the wiring
shall be one of the S series of cord specified in Group B of Table 12.2 and shall be provided with strain
relief so that stress will not be transmitted to terminals or splices. See Strain Relief Test, Section 64.

fing.extends from the cabinet to a hinged door, or is subject to movement d
ich.as routine maintenance, flexible conductors shall be employed. The wiring sh

Liring service
all be routed

12.1.10 With reference to 12.1.9, wiring that is subject to movement shall comply with the Wiring
Endurance Test, Section 82A.

12.1.11

Conductors supplying general purpose receptacles are considered as complying with the

temperature requirement of 12.1.2 if the conductors are sized according to Table 12.3. See 57.6.
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Table 12.3
Conductors supplying receptacles

Marked rating, amp?® Conductor size, AWG (mm?)
7.0 or less 18 (0.82)
10.0 or less 16 (1.3)
15.0 or less 14 (2.1)
20.0 or less 12(3.3)
@ As marked on the equipment. See 91.11 and 91.12.
12.1.12 The-insttationof-wiresorcords—connectedtofamrmotors—and-othet au/\;“aly motqrs shall be of
an oil resistant type, such as Type SJO, SJT, SPT-3, or appliance wiring materials hayving oil resistant
insulation.
12113 If Tny failure of extra-low-voltage wiring may cause malfunctioning of@a-limiting gevice, motor
overload projective device, or any other protective device, such wire shall be:
a) Englosed as specified in 12.1.25;

b) Type SPT-2 or SP-2 cord; or

c)On

Wires of type
such wiring i

12.1.14 All
connection s

12.1.15 Sp
located in a

movement, gnd the like. Strain relief shall be provided on the conductors if the wiring m

during servic

12116 As
permanence
wrapped ove

e of the types specified in Group B or C of Table 12:2.

s specified in Group A of Table 12.2, or wires;having equivalent characteristics n
5 located in a cavity or compartment of the'€quipment and is shielded from dam4g

hay be used if
ge.

splices and connections shall be mechanically secured and electrically bonded. A soldered

hall be made mechanically secure before being soldered.

ices shall be located within_the equipment enclosure. They shall be secured
separate enclosure so (that they are not subject to flexing, motion, or vibrati

in position or
pn due to air
Ay be moved

ng operations, suehias replacing fuses, resetting manual-reset devices, or oiling motors.

plice shall he'provided with electrical insulation equivalent to that of the conductpr insulation if
of spacing-between the splice and other metal parts is not maintained. Thermoplastic tape
r the shiarp ends of conductors is not acceptable.

12.1.17 Sg

licing devices, such as pressure-type wire connectors, shall comply with the| Standard for

Wire Connectors, UL 486A-486B or the Standard for Splicing Wire Connectors, UL 486C.

12.1.18 Aq

uick-connecting assembly shall:

a) Comply with the Standard for Electrical Quick-Connect Terminals, UL 310; or

b) Fo

rm a secure electrical connection, such as by detents in the mating parts, and shall be

acceptable for carrying the current involved during the Temperature and Pressure Test, Section 57.
Securement of connections may be determined by engagement/disengagement tests as specified

in the

Standard for Electrical Quick-Connect Terminals, UL 310.

12.1.19 Wire binding screws shall thread into metal. At terminals, stranded conductors shall be secured

by soldered

or pressure-type terminal connectors or the conductors shall be soldered or otherwise

assembled to prevent loose strands after assembly. Soldered connections shall be made mechanically
secure before being soldered.
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12.1.20 Open-slot type connectors shall not be used unless they are constructed to prevent
disconnection resulting from loosening of the clamping means. If required spacings may be reduced below
the minimum acceptable values by movement of the connector, the shanks of terminal connectors shall be
protected by electrical insulation secured in position and not less than 0.028 in (0.71 mm) thick, except as

permitted by 41.9.

12.1.21

shall have one of the following:

a) Smooth, rounded surfaces;

Holes for passage of wires and cords through rigid partitions, such as walls, panels, or barriers

b) Be provided with smoothly rounded bushings fabricated from materials, such as ceramic,

phendfit; cold-molded composition, or 11ber; or
c) Be provided with wire insulating bushings that comply with the Standard for Insulating Bushings,
UL 63p.

12.1.22 A wiring enclosure formed between the cabinet shell, liner, molding Mrim strips, or|the like shall

be constructs
sharp edges

employed in the cabinet-wireway enclosure, but other flammable thermalinsulating material

direct contact

12.1.23 Ap
when tested
Materials for

12.1.24  Wir
a) Grg

b) Grg

12.1.25 Wi
enclosures sh

12.1.26 No

d of metal or of nonmetallic material, see 9.1.3, and shall provide a smooth wir
or sharp projecting screws that might damage the wire insulation. Wood fra

with the wiring unless it can be shown that a risk of fire\is not introduced.

rinted wiring board for high-voltage circuits shalkhave a minimum flammability
according to the method outlined in the Standard for Tests for Flammabil
Parts in Devices and Appliances, UL 94.

ng shall be of the types indicated in. Table 12.2 as follows:
up A or B, or
up C if the compartment enclosing the wiring:
1) Contains no openings other than for conduit or piping, and

2) Contains no-flammable material other than electrical insulation.

all be enclesed according to 12.1.26 — 12.1.32.

bpenings shall be located in the top of the compartment unless mechanical barri

b

bway with no
ing may be
ay not be in

level of V-1
ty of Plastic

[ing not enclosed by means of conduit, electrical metallic tubing, metal naceways, or

ers or baffles

are placed b

b 2 g n-tha wiriaa-and-th o
WwvoTIrure vin Iy ariu uic upotim IHO.

12.1.27 No openings shall be located in the bottom of the compartment unless mechanical barriers or
baffles are located under the wiring.

12.1.28 Louvers or openings located on the sides and top of the assembly shall not permit entrance of a
1/2in (12.7 mm) diameter rod.

12.1.29 Openings shall not be located closer than 1/4 in (6.4 mm) to the wiring unless mechanical
barriers or baffles are placed between the wiring and the openings.

12.1.30 Other than electrical insulation, wiring shall be separated from HB and HBF materials in
accordance with 5.2.1, 5.2.2, or 5.2.3.



https://ulnorm.com/api/?name=UL 1963 2021.pdf

MARCH 25, 2021 UL 1963 43

12.1.31 Group A wiring shall be cabled, routed, located or secured to reduce the risk of damage to the
wiring when replacing fuses, adjusting control settings and other similar servicing.

12.1.32 Conductors of motor circuits having two or more thermal- or overcurrent-protected motors wired
for connection to one supply line shall comply with one or more of the following:

a) A conductor shall have an ampacity of not less than one-third the ampacity of the branch circuit
conductors as determined in 10.2.8;

b) A conductor shall be:

d)Ad

1) Size 18 AWG (0.82 mm?) or larger,

2) Not more than 4 ft (1.2 m) in length, and

3) Protected by a fuse or equivalent overcurrent protective device rated hot
amp.

onductor shall serve as a jumper lead between controls and shall:
1) Not exceed 3 in (76.2 mm) in length, or
2) Be located in an electrical control enclosure.

onductor shall withstand the Limited Short-Circuit Test, Section 73.

13 Separation of Circuits

13.1  Unles

s provided with insulation rated for the highest voltage involved, insulated

different circuits, (internal wiring including wires_in-a wiring compartment) shall be separated

barriers or s
live parts cor

13.2 Segre
that maintain

13.3 Field-i
field- and fac
are or will be

134 Exce
voltage circ

nall be segregated, and shall, in(any case, be so separated or segregated fror
nected to different circuits.

gation of insulated conductors may be accomplished by clamping, routing, ori
s permanent separation‘from insulated or uninsulated live parts of a different cirg

hstalled conductors of any circuit shall be segregated or separated by insulating
tory-installed.conductors connected to any other circuit, unless the conductors @
insulatedfor the maximum voltage of either circuit.

pt for wiring terminals, field-installed conductors of a high-voltage circuit or
it\with National Electrical Code, ANSI/NFPA 70, Class 1 wiring shall be

more than 60

tonductors of
by insulating
n uninsulated

other means
uit.

barriers from
f both circuits

an extra-low-
egregated or

separated by insulating barriers as specified in (a) and (b):

a) From uninsulated live parts connected to a different circuit, other than wiring terminals, and

b) From any uninsulated live parts of electrical components, such as a pressure-limiting device,
motor overload protective device, or other protective device, where short-circuiting or grounding

may r

13.4.1

esult in a risk of fire, electric shock, or injury to persons.

In reference to 13.4, Sections 41 — 43 specify the requirements for wiring terminals.

13.5 Field-installed conductors of an extra-low-voltage circuit with National Electrical Code, ANSI/NFPA
70, Class 2 wiring shall be segregated or separated by insulating barrier(s) from:
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and

b) Wiring terminals and any other uninsulated live parts of a protective control which
extra-low-voltage circuit.

| 136 Deleted

14 Bonding for Grounding

metal parts t
personnel dufing service operations likely to be performed when the equipment is energized.

14.2 Excepj as specified in 14.2.1, uninsulated metal parts of the equipment, such_as cabin
enclosures, motor frames and mounting brackets, controller mounting brackets, heater elen
capacitors arld other electrical components, interconnecting tubing and piping,-valves, and
refrigerant-containing parts shall be bonded for grounding if they are likely.to become enerd
exposed to cgntact by the user or service personnel.

14.2.1 Metgl parts that are not bonded in accordance with 14.2 shallbe:

a) Adhesive-attached metal-foil markings, screws, handles, and the like, that are lo
outside of enclosures or cabinets and isolated from .electrical components or wiring
metal parts so that they are not likely to become energized;

b) Isol
screw:

ated metal parts, such as motor controller'magnet frames and armatures or sm
5 that are positively separated from wiring and uninsulated live parts;

c) Cabinets, panels, and covers that.do not enclose uninsulated live parts if wiring
separated from the cabinet, panel,>or. cover so that such parts are not likely to becon
or

d) Panmels and covers thatiare insulated from electrical components and wiring by
barrier.

14.3 Metal-
door or cover

o-metal hinge'bearing members for a door or cover are acceptable as a means
for grounding if a multiple-bearing pin-type hinge(s) is employed.

14.4 An intgrnal connection for bonding internal parts of the enclosure for grounding, but n
installed groynding conductor or for the grounding wire in a power supply cord, may em

a) Uninsulated live parts a protective control which is part of an connected to a high-voltage circuit,

is part of an

Equipment shall have provision for the grounding of all exposed or accessible noncurrent carrying

r by service

bts, electrical
ent sheaths,
gauges, and
ized and are

cated on the
by grounded

all assembly

is positively
e energized;

an insulating

for bonding a

ot for a field-

ploy a quick

connect terminal of the specified dimensions, provided that the connector is not likely to be d
the component is limited to use on a circuit having a branch circuit protective device rated
Table 14.2.

isplaced and
as shown in
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Table 14.1
Bonding wire conductor size

Size of bonding conductor?
Copper wire Aluminum wire
Rating of device, amp AWG (mm?) AWG (mm?)
15 14 2.1 12 3.3
20 12 3.3 10 5.3
30 10 5.3 8 8.4
40 10 5.3 8 8.4
60 10 5.3 8 8.4
100 8 8.4 6 13.3
200 6 13.3 4 21.2

2 Or equivalen

cross-sectional area.

145 A sef
acceptable f
against corr
separate bor
confines of
purpose oth
removal and

14.6 The
connection,
850°F (455°
enamel. Bon
nonmetallic 1

14.7 With neference to 14.6, a bolted\or screwed connection that incorporates a star was

screwhead o
means depe
the metal.

h
lr than bonding for grounding unless the bonding cenductor is unlikely to be

arate component bonding conductor shall be of copper, a copper alloy, or ¢
Dr use as an electrical conductor. Ferrous metal parts in grounding path shall
psion by metallic or nonmetallic coatings, such as enameling, galvanizing,
ding conductor or strap shall be protected from mechani€al damage or be loca
e outer enclosure or frame, and not be secured by, a removable fastener

replacement of the fastener.

bonding shall be by a positive means,~such as clamping, riveting, bolteg
velding, or soldering and brazing materials having a softening or melting poin
C). The bonding connection shall penetrate nonconductive coatings, such as pa
ding around a resilient mount shall*not depend on the clamping action of ru
naterial except as indicated in 14¢8.

r a serrated screwhead is’acceptable for penetrating nonconductive coatings.
nds upon screw threads, two or more screws or two full threads of a single screw

14.8 A co

material is gcceptable<provided that it compiles with the requirements of the Current O

Section 71,

permitted by| avariable clamping device and after exposure to the effects of oil, grease,
thermal degrgdation that may occur in service. Also, a clamping device is to be investigate

nection thatidepends upon the clamping action exerted by rubber or otheg

nd the-Limited Short-Circuit Test, Section 73, under any normal degree of

ther material
be protected
or plating. A
ted within the
used for any
omitted after

or screwed
greater than
nt or vitreous
bber or other

ner under the
f the bonding
shall engage

r nonmetallic
verload Test,
compression
moisture, and

J to verify the

likelihood of its being disassembled and reassembled in the intended fashion.

14.9 On cord connected equipment, a bonding conductor or strap shall have a cross-sectional area no
less than that of the grounding conductor of the supply cord except as permitted by 14.12 and 14.13.

14.10 On permanently connected equipment, the size of a conductor employed to bond an electrical
enclosure or motor frame shall be based on the rating of the branch circuit overcurrent device to which the
equipment will be connected. Except as indicated in 14.12 and 14.13, the size of the conductor or strap
shall be in accordance with Table 14.1.

14.11

A conductor, such as a clamp or strap, used in place of a separate wire conductor as indicated in

14.10, is acceptable provided that the minimum cross-sectional conducting area is equivalent to the wire
sizes indicated in Table 14.1.


https://ulnorm.com/api/?name=UL 1963 2021.pdf

46 UL 1963 MARCH 25, 2021

14.12 A smaller conductor may be used if the bonding conductor and connection comply with the
provisions of the Current Overload Test, Section 71, and the Limited Short-Circuit Test, Section 73.

14.13 The size of a bonding conductor to a motor or other electrical component need not be larger than
the size of the motor-circuit conductors or the conductors supplying the component. See 12.1.2 and
12.1.32.

14.14 Splices shall not be employed in wire conductors used to bond electrical enclosures, motor
frames, or other electrical components.

14.15 If more than one size branch circuit overcurrent device is involved, the size of the bonding
conductor is to-be-based-on-therating-of the-overcurrent device-intended-toprovide-ground-fault protection
for the compgnent bonded by the conductor. For example, if a motor is individually protected by a branch
circuit overcyrrent device smaller than other overcurrent devices used with the equipment, a bonding
conductor for| that motor is to be sized on the basis of the overcurrent device intended forl ground-fault
protection of {he motor.

I 14.16 Funcfional grounding shall not be relied upon for equipment bonding,

Table 14.2
Internal terminal connections forlbonding
Terminal dimensions, in (mm) Rating of protective device, amy

0.020 by 0.187 by 0.250 20 orless
(0.51 by 4.75 by 6.4)

0.032 by 0.187 by 0.250 20 or less
(0.81 by 4.75 by 6.4)

0.032 by 0.205 by 0.250 20 or less
(0.81 by 5.2 by 6.4)

0.032 by 0.250 by 0.312 60 orless
(0.81 by 6.4 by 7:9)

ELECTRICAL COMPONENTS

15 CurrentiCarrying/Parts

15.1  All cufrent-carrying parts shall be of silver, copper, a copper alloy, or other mater{al inherently
resistant to corrosion and acceptable for use as an electrical conductor.

Exception: Multimetallic thermal elements and heater elements of a thermal protector need not be
inherently resistant to corrosion.

15.2 Aluminum may be used as a current-carrying part if treated to resist oxidation and corrosion.
15.3 Iron or steel shall not be used for current-carrying parts.

Exception: Iron or steel, if provided with a corrosion resistant coating, or stainless steel may be used for a
current-carrying part if used in inherent construction of a component such as within a motor.
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16 Insulating Material

16.1 Material for the mounting of uninsulated live parts shall be porcelain, phenolic composition, or other
material having equivalent electrical and mechanical properties.

16.2 If vulcanized fiber is used for insulating bushings, washers, separators, and insulating barriers, it
shall not be the sole support for uninsulated live parts if shrinkage, current leakage, or warpage may
introduce a risk of fire or electric shock. Nonmetallic materials used for the sole support of uninsulated live
parts shall comply with the insulating barrier requirements in 7.2(c).

17 Switches and Controllers

171 Exce;Lt as specified in 17.3, a motor controller(s) used for controlling the loads-invglved shall be
provided for pll equipment incorporating two or more motors, or a motor(s) and other [oad(s) intended for
connection t¢ the same power supply.

17.2 In reference to 17.1, if the attachment plug and receptacle serve as-the controller on a cord
connected pfoduct, then the marked ampere rating of the product shall net exceed the values shown in
Table 17.1 for the voltage indicated.

Table 17.1
Ampere rating
Amperes Voltage
7.2 15
4.0 208
3.6 230

17.3 In reference to 17.1, if a motor controller is not provided, the product shall be| intended for
permanent cpnnection to the supply circuit such that:

a) The supply circuit supplies one or more motors and other loads;

b) THe product is marked to specify that the maximum size of the supply circu|t overcurrent
protegtive devicedorthat circuit shall not exceed 20 amperes at 125 V or less or 15 arpperes at 600
Vor lgss;

c¢) The rating of any motor in the circuit shall not exceed 1 horsepower (746 W); and

4 FARTN| ! H 4 %+ 4 Jo 4 (Ia
d) ThJ ITTUTOT T4 10al U TTIa AT AT OPTratrty CUTTCTIL Talrty stidil TTUL TALETU U dITIPCITS.

17.4 A single-pole switching device, including an automatic control having a marked “off” position, shall
not be connected to the identified grounded conductor.

17.5 Cord connected equipment shall be provided with a manually operable switch that will shut off the
complete equipment or will shut off any motor load exceeding the values shown in 17.2. Such switches
shall have a marked “off’ position and, if the switch does not control the complete equipment, shall indicate
which load it controls, such as compressor, fan motor, or the like. The switch shall be accessible without
the use of tools.

Exception: The off position of the switching devices or the main disconnect switch on equipment, may be
identified by the “off” symbol illustrated in Figure 17.1.
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17.6 A switching device that interrupts the main power supply circuit to a heater of permanently
connected equipment shall disconnect all ungrounded conductors of the power supply circuit if the
switching device or the pilot device that controls the switching device has a marked “on” or “off” position.

Exception: Both the on and off positions of the switching devices or the main disconnect switch on
equipment, may be identified by the symbols illustrated in Figure 17.1.

Figure 17.1
On and off symbols

S3486

IEC Publication 417, Symbols 5007 ‘and 5008

17.7 Motor [controllers shall be arranged so that they will simultaneously open a sufficiepnt number of
ungrounded gonductors to interrupt current flow to the motor.

Exception: This requirement does not apply to crankcase heating arrangements where the circuit is
arranged to permit current flow through a capacitor in series with the start winding of single-phase motors
with the motor not operating.

17.8 Switching devices shall be housed within an enclosure that will protect coils and contacts against
mechanical damage, dirt, and moisture. The enclosure of the switching device may be provided by its
method of mounting within the equipment enclosure, by inherent construction of the component, or by
means of a separate enclosure.

17.9 Deleted

17.10 The current rating of a switch or other control device shall comply with 17.11 — 17.13, as
applicable.
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17.11

Except as specified in 17.11.1, a manually operated switch with a marked off position that controls

a hermetic refrigerant motor-compressor with or without other loads shall have a current rating that is at
least 115 percent of the sum of:

a) The rated load, maximum rated current or branch-circuit selection current of the motor-

comp

ressor, whichever is greater, and

b) The rated current for other controlled loads.

17.11.1
specified in 1

a) Th
b) Th

c) Th
selec

1712 A sw
rating of not

a) Th

switch is used; or

b) Tw
an ac|

1713 The
compressor,
the largest m
switch.

17.14 Excs

which it confrols as determined\by the Temperature and Pressure Test, Section 47. ltems

determining
temperature
specified in 6

17.14.1 Ag

7.1, then:

If a motor controller does not have a current rating sized at least 115 percent of the loads as

e controller shall not be a manually operated switch;
b equipment shall be marked with a branch-circuit selection current; and

e controller shall have a current rating that is not less than the-sum of the
ion current plus any additional loads controlled.

itch provided for the control of an inductive load, such as & transformer, shall h
ess than the potential of the circuit in which it is used and a-current rating of not |

e total marked current ratings of the inductive loadSthat it controls if an ac gen

ce the total marked current ratings of the inductive loads that it controls if a swi
general-use snap switch controls the inductive load.

current interrupting capacity of a switching device that controls a motor load, sug
shall equal the locked-rotor current, maximum operating current or maximum rg
otor load plus the full load ormaximum operating current of any other loads cor

pt as specified in 1711 — 17.13, a switch or other control device shall be rate
the device rating could include the voltage, current, power factor, control dg

and other similar parameters. Power factor requirements for each specific
9A.5.

peed-control switch shall be provided as part of a product that employs a vari

multispeed motor.

branch-circuit

ave a voltage
ess than:

bral-use snap

ch other than

h as a motor-
ted current of
trolled by the

d for the load
o consider in
vice ambient
oad type are

hble-speed or

17.15 A protective control, other than a motor or motor-compressor overload protective device (covered

in Section 19

), shall comply with one of the following:

a) Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General
Requirements, UL 60730-1 and the Standard for Automatic Electrical Controls for Household and
Similar Use; Part 2: Particular Requirements for Automatic Electrical Pressure Sensing Controls
Including Mechanical Requirements, UL 60730-2-6. The endurance cycle requirements in Table
AA.1DV of UL 60730-2-6 for cut-outs shall be applied.

b) Standard for Automatic Electrical Controls for Household and Similar Use, Part 1: General
Requirements, UL 60730-1 and the Standard for Automatic Electrical Controls for Household and
Similar Use; Part 2: Particular Requirements for Temperature Sensing Controls, UL 60730-2-9. The
endurance cycle requirements in Table CC.2 of UL 60730-2-9 for cut-outs shall be applied.
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c) Sta

h) Par

| 1716 Inre

ndard for Industrial Control Equipment, UL 508.

d) Standard for Nonindustrial Photoelectric Switches for Lighting Control, UL 773A;
e) Standard for Fan Speed Controls, UL 1917;

f) Standard for Clock-Operated Switches, UL 917;

agraph 17.18.8 and the protective electronic circuits tests in Section 85A.

Ifrence o 1715 (C) — (h), the endurance cycle requirements in Table CC.2Zof

for cut-outs skhall be applied to such controls.

17.16.1 Inr
the control po

17.16.2 If tH
19.2 shall be

part of a protg

a) The
well a

b) A

requir
orCc

c) Not
softws

17.16.4 Inr|
but only if th
energizing of

17.16.5 In
requirements

bference to 17.15 (a), (b), and (h), when determining the acceptability’of a prote
llution degree shall be as specified in 43.4 —43.7.

e protective control has a protective electronic circuit, the relevant factors outl
bpplied.

17.16.3 Software, including that which can be updated by a refnote operation and which

ctive electronic circuit, shall comply with one of théfollowing:

Standard for Automatic Electrical Controls — Part 1: General Requirements, UL
5 the specific applicable Part 2 and with the-réquirements for a Class B or C cont

ex R, Software Evaluation, of the Standard for Safety of Household and Sim

n
Applijnces, Part 1: General Requirements, UL 60335-1, and also comply with

bments within Annex H.11.12, Cantrols Using Software, of UL 60730-1 for a soft
bntrol function; or

create any risk of fire, electric shock, or injury to persons under abnormal condi
re rendered ineffective, €.g., use of independent redundant protective devices.

eference to 17(16:3, a remote software update shall occur while the equipment
e various loads (motor-compressor, fans, etc.) are de-energized. Software ¢
the loads&hall have at least a Class A control function, or equivalent.

g) Standard for Switches for Appliances — Part 1: General Requirements, UL 61058-1; or

JIL 60730-2-9

ctive control,

ned in Table

is a required
60730-1, as
rol function;

lar Electrical
the relevant
vare Class B

ions with the

is energized
enforcing de-

reference to 17.15, a device providing motor overload protection shall co
inSection 19.

rrrply with the

+10°F (£6°C)

percent of its

of its maximum marked set-point temperature.

maximum marked setting.

17.17 A protective control shall:

a) Be an integral part of the equipment; and

b) Control the load(s) directly except as specified in 17.17.1.

17.16.6 The cutout calibration temperature of a heater protective (temperature-limiting) control shall be

17.16.7 The cutout calibration pressure of a pressure protective (limiting) control shall not exceed 105
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17.17.1

If a protective control indirectly controls the load through a switching device, the switching device

shall comply with the endurance cycle requirements in 17.15 or 17.16. The switching device shall be an
integral part of the equipment.

17.18 Except as specified in 17.18.1, an operating control, including of the electronic type, shall comply

with:

a) One of the standards specified in 17.15;

b) Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety Requirements
— Electrical, Thermal and Energy, UL 61800-5-1; or,

c) Th

17.18.1
electronic an

a) Sh
Impedlance Test in UL 508; or, comply with the low-power circuit requirement d

Speci
1: Ge

b) If
requi

17.18.2 An

An

';Ile

H 4 H 4lot (a¥} <l <l £ 4l al l
L TCUUITTITITTIO TTT UTo vtdaliualru do 1ar do U Icy |Ua°u||au|y apply.

operating control not complying with 17.18 shall comply with 17.18.2'(@)"if
d in addition:

all be powered entirely by no more than one low-voltage circuif;~comply wit

ied in 19.11.1 of the Standard for Safety of Household and Similar Electrical Ap
heral Requirements, UL 60335-1; and

sed to control a motor-compressor or electric heater, shall comply with the en
ments in:

1) UL 60730-2-9, Table CC.2, for air conditioning and refrigeration applications

2) The Overload and Endurance Test forOperating Controls, Section 69A.

operating control that complies with*17.18 shall also comply with all the following

the control is

h the Limiting
etermined as
pliances, Part

jurance cycle

, or

):

5 specified in

100 (Material

a) For electronic controls — Installation Class 2 for electromagnetic compatibility (EMC) shall be in
accorgdance with the voltage surge testing in 85A.3.6 and comply with the result

85A.3.2;

b) Category Il shall be the‘overvoltage category;

c) Inqulating materials shall have a minimum comparative tracking index (CTI) of

Group IlI);

d) Th

e)Th

e applicable pollution degree shall be as specified in 43.4 — 43.7,;

b npnrnfing control r\yr‘ln reg irements cpnr‘ifinr{ hy one of the fnllnuuing-

17.18.3

1) For other than a self-resetting motor-compressor or electric heater operating control,
Table CC.2 of UL 60730-2-9, with the operating control (temperature limiters) endurance
cycle requirements for other than air-conditioning and refrigeration applications being

applied;

2) For a self-resetting motor-compressor or electric heater operating control — Table CC.2 of
UL 60730-2-9, with the operating control (temperature limiters) cycle requirements for self-
resetting controls for air conditioning and refrigeration applications being applied; or

3) The Overload and Endurance Test for Operating Controls, Section 69A.

If an operating control complying with 17.18 indirectly controls a load through a switching device,

the operating control endurance cycle requirements in 17.18.2(e) shall be applied to the switching device.
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17.18.4 If an operating control as referenced in 17.18.1 indirectly controls a motor-compressor or electric
heater through a switching device, the operating control endurance cycle requirements in 17.18.1(b) shall
be applied to the switching device.

17.18.5 Operating and Protective (“Safety Critical”) Control Functions, Appendix B, shall be referenced
to determine whether a control function is considered to result in a risk of fire, electrical shock or injury to
persons.

17.18.6 If a control can be used to reduce the risk of fire, electric shock or injury to persons under
abnormal operating conditions of the product, but a redundant control (of similar or different design)
operates to perform the identical function, the circuit shall be evaluated to determine which control will be
relied upon as the protective control. The control determined to be the protective control shall comply with

the protectivd tontrol is not
required to ¢
requirements

control requirements in 17.15. The control determined to be the operating
bmply with the protective control requirements but shall comply with the<ope
17.18.1, or with 17.18 and 17.18.2.

17.18.7 A thermistor shall comply with Annex J of UL 60730-1 or the Standard for The

Devices, UL 1

a) To 1
of the

b) In g
6,000

17.18.8 Ap

a) In
whosH

b) Sh4
specif

c) Inw
specif
applic
shall K
circuit
Fuses
as we
Link T

434. The calibration shall be as specified in 17.16.6. If a thermistor'is used:

educe the risk of fire, electric shock or injury to persons under abnormal operati
product, the minimum number of endurance cycles shall. be’100,000.

ther sensing applications of the product, the minimum number of endurance cy

otective control as referenced in 17.15(h)and having a protective electronic cirg

vhich electronic disconnection of the>circuit could fail, shall have at least two
combined operation provides the load disconnection;

Il prevent a risk of fire, electric_shock or injury to persons under the relevant fa
ed in 85A.2;

hich an overcurrentprotective device opens during application of any of the fa
ed in 85A.2, shall-utilize an overcurrent protective device complying with the
bble to that component. The fault condition causing the overcurrent protective dg
e repeated andthe overcurrent protective device shall again open the protect

If the overcurrent protective device complies with IEC 60127-1 Standard
Part 1( Definitions for Miniature Fuses and General Requirements for Miniatur
| as an-applicable Part 2, then the protective device shall additionally comply W
bstin85A.5;

ating control

rmistor-Type

ng conditions

cles shall be

uit:

components

LIt conditions

LIt conditions
requirements
bvice to open
ve electronic
for Miniature
e Fuse-Links
ith the Fuse-

d) In which a conductor of the printed wiring board becomes open-circuited during the fault
conditions test in 85A.2, then:

1) The printed wiring board shall comply with the Needle-Flame Test in Annex E of Standard

for Safety of Household and Similar Electrical Appliances, Part 1: General R
UL 60335-1 or have a minimum flammability rating of V-0 when tested in acc

equirements,
ordance with

the vertical flame test described in the Standard for Tests for Flammability of Plastic

Materials for Parts in Devices and Appliances, UL 94;

2) Any loosened conductor shall not reduce spacings below the values specified in the

relevant Sections 41 — 43; and

3) The specific test in which the printed wiring became open-circuited shall b

e repeated a

second time. There shall be no risk of fire, electric shock or injury to persons and spacings
shall not be reduced below the values specified in the relevant Sections 41 — 43;
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e) Shall maintain its required functions when subjected to the EMC related stresses specified in the
Electromagnetic Compatibility (EMC) Tests, 85A.3; and

f) That relies upon a programmable component for one or more of its safety functions shall be
subjected to the Programmable Component Reduced Supply Voltage Test, 85A.4, unless restarting
at any point in the operating cycle after interruption of operation due to a supply voltage dip will not
result in a risk of fire, electric shock or injury to persons. The test shall be carried out after removal
of all batteries and other components intended to maintain the programmable component supply
voltage during supply source (mains) voltage dips, interruptions and variations.

17.19 A general-use snap switch shall comply with the Standard for General-Use Snap Switches, UL 20.

17.191 A
Application G

17.20 Fem
that may be
load, when ¢
used to inter|
mating plug.

17A Remo

17A.1  Any
considered W

17A.2 Excs
of the contro
external com|

17A.3 Inre
external com

a) C4g
within

thermal cutoff shall comply with the Standard for Thermal-Links — Requ
uide, UL 60691.

rements and

ble devices (such as receptacles, appliance couplers, and connectors) that ar¢ intended, or

ised, to interrupt current, shall be suitably rated for current interruption of the s
valuated with its mating plug or connector. For example, an<appliance couple
rupt the current of a motor load shall have a suitable horsepower rating when

tely Operated Equipment

function of a product enabled in response to external communication or data si
hen determining normal and abnormal conditions of the product.

pt as specified in 17A.3, a manual control shall be provided on a product such
is required before the product can\be operated in any mode that permits rem
munication or receiving/sending data signals.

ference to 17A.2, a productinot provided with a manual control for actuating rem
Imunication or receiving/sending data signals shall be:

pable of remote Operation, external communication or receiving/sending data
line-of-sight; or

b) Linpited only{a-monitoring external communication or data signals.

17A.4 Apr
commands,

bduct shall include a means to manually disconnect, disable or override any rem
bxternal communication or data signals. If the product attachment plug and rec

pecific type of
r that can be
ested with its

jnals shall be

that actuation
bte operation,

bte operation,

signals only

ote operation
eptacle serve

as the manual means to disconnect data signals or remote operation commands, the produc

with 94.13.

shall comply

17A.5 A control that operates in response to remote operation commands, external communication or
data signals shall not introduce an operating condition or state that could lead to a risk of fire, electric
shock or injury to persons. In addition, such a control shall not:

a) Render inoperative any protective control or protective control function within the product;

b) Alter the order of control response such as by forcing a protective control to operate instead of

anoth

er control that would normally be intended to respond;

c) Reset any protective manual reset feature;

d) Supersede the response of any protective control; or
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indep
affecti
18 Motors
18.1 Nonhdg

Machines — G

18.2 Motors
falling out of t

| 183 There
unless:

a) The
equivg

b) The
or mo
under

¢ndent of the protective controls of the product and therefore is incapable

e) Alter the response to or expected performance of:

1) User actuation of controls, movement of doors, covers, grills, filters or the like; or

2) User interaction with any parts of the product that could result in exposure of hazardous

electrical parts, moving parts, hot parts or radiation.

17A.6 Compliance with 17A.5 shall be determined by one of the following:

ng the operation of any protective controls.

rmetic motors shall comply with the requirements in the, Standard for Rotat
eneral Requirements, UL 1004-1.

having openings in the enclosure or frame shall be arranged to reduce the ris|
he motor onto flammable material within or underthe assembly.

uirement in 18.2 will necessitate the use.of'a mechanical barrier under an ope

structural parts of the motor or oflthe equipment, such as the bottom closure
lent of such a barrier, or

motor overload protective:device provided with the motor is such that no burn
ten material falls to the\surface that supports the equipment when the motor
each of the followingifault conditions applicable to the motor type:

1) Open mainwinding,
2) Open starting winding,
3) Starting switch short-circuited,

4).Capacitor shorted (permanent split capacitor type), or

a) Using methods appropriate for determining the performance and reliability of protective control
functions in accordance with Section 17, Switches and Controllers; or

5 in response
rates wholly
of adversely

ng Electrical

k of particles

n-type motor

, provide the

ng insulation
is energized

c) The motor is provided with a thermal motor protector (a protective device that is sensitive to
temperature and current) that will prevent the temperature of the motor windings from exceeding
257° F (125° C) under the maximum load under which the motor will run without causing the
protector to cycle and 302°F (150°C) with the rotor of the motor locked.

18.4 The mechanical barrier mentioned in 18.3 shall be horizontal, shall be located and have an area not
less than that described in Figure 18.1. If openings for drainage, ventilation, and the like, are employed in
the barrier, such openings shall not permit molten metal, burning insulation, or the like, to fall onto
flammable material that is part of or located underneath the refrigerant recovery/recycling equipment.
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Figure 18.1

Location and extent of barrier

EB100A C

A — Motor winding to be shielded by barrier. This is to consist of the entire motor winding when it is not otherwise shielded, and is to
consist of the unshielded portion of a motor winding which is partially shielded by the motor enclosure or equivalent.

B — Projection of outline of motor winding on horizontal plane.

C - Inclined line which traces out minimum area of the barrier. When moving, the line is to be always (1) tangent to the motor
winding, (2) five degrees from the vertical, and (3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum are for barrier. The area is to be that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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19 Motor O
19.1 Gener

19.1.1
size fuse that

verload Protection

al

can be inserted into the fuseholder.

A fuse shall not be used as a motor protective device unless the motor is protected by the largest

19.1.2 Equipment shall start and operate as intended when a fuse or circuit breaker provides the
required motor protection.

19.1.3 Overcurrent protective devices and thermal protective devices for motors shall comply with

applicable sh
the requireme

19.2 Proted

19.2.1 Al si
one or more ¢

a) A g
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nts of the Limited Short-Circuit Test, Section 73.
tion of single-phase nonhermetic motors

hgle-phase motors other than a hermetic refrigerant motor-compressor shall be
f the following:

eparate device responsive to motor current and rated on'set to trip at not m

percemtage of the motor nameplate full-load or maximum opérating current rating as

Table

b)As
and is

19.1.

bparate overload device which combines the fungtions of overload and overcurrg

percemtages of the motor nameplate full-load>or*maximum operating current rating

Table

¢) Imp

d) A
Proted

e) Pro
Proted
electrg

f) Oth

19.2.1.1 In
attached, key

19.1.

edance protection complying with.the Standard for Impedance Protected Motors

brotective device integral with- the motor that complies with the Standard fi
ted Motors, UL 1004-3.

tective electronic cireuits integral to the motor that comply with the Standard for
ted Motors, UL A4004-7 or with the requirements in Section 17 applying
nic circuits.

br protection that is shown by test to be equivalent to the protection specified in (

eference to 19.2.1(d) and (e), a motor that moves air by means of a fan that is
ed,)or otherwise fixed directly to the motor shaft shall be evaluated for run

comply with

protected by

ore than the
5 specified in

nt protection

responsive to motor current. Such a device ‘shall be set at values not greater than the

as specified

, UL 1004-2.

br Thermally

Electronically
fo protective

B) to (e).

not integrally
ning heating

protection.

19.2.2

In reference to 19.2.1 (a) and (b), if the percentage protection specified in Column A of Table 19.1

does not correspond to the percentage value of an overload device of a standard size, the device of the
next higher size may be used. However, the device of the next higher size shall provide protection no
higher than that indicated in Column B of Table 19.1.
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Table 19.1
Overload relay size
Maximum percentage protection
Motor A B
Motor with a marked service factor no less than 1.15 125 140
Motor with a marked temperature rise no more than 72°F (40°C) 125 140
Any other motor 115 130

| 1923 Deleted

| 1924 wit
evaluating th

n reference to 19.2.1 (e) , the relevant factors outlined in Table 19.2 shall pe applied if
p acceptability of a protective electronic circuit.

Table 19.2
I Factors to apply if evaluating protective electronic circuits
1 [Conducting failure-mode and effect analysis (FMEA) for the protective circuits and functions.
2 Flectrical supervision of critical components resulting in the control beeoming permanently inoperatiye and
Hisconnecting power.
3 Temperature ranges as follows:
Indoor Equipment 32.0 +3.6°F (0.0 +2°C) and 104\+3.6°F (40.0 +2°C)
Outdoor Equipment minus 31.0 £3.6°F (mihus 35.0 +2°C) and 104 £3.6°F (40.0 +2°C)
4 Cycling test duration: 14 days
5 Fndurance test duration: 100,000 cycles
6 Radio-frequency electromagnetic field immunity:
A. To conducted disturbances — test level 3
B. To radiated electromagnetic fields Evaluate in accordance with 85A.3.4 and 85A.3.2.
7 Humidity exposure:
Indoor Equipment 70 — 80°F (21.1 — 26.7°C) and minimum 50 percent relative humidity
Outdoor Equipment Same as indoor equipment except minimum 98 percent relative humidity
8 Flectricalfast transient/burst immunity:
Outdoor Equipment Test level 4
All Other Equipment Test level 3
9 Surge immunity:
Outdoor Equipment Installation Class 4
All Other Equipment Installation Class 3
10 Electrostatic Discharge with a Severity Level of 3 having contact discharge at 6 kV to accessible metal parts and Air
discharge at 8 kV to accessible parts of insulating material.
11 Voltage Dips and Interruptions: Evaluate in accordance with 85A.3.8 and 85A.3.2.
12 Harmonics and Interharmonics: Evaluate in accordance with 85A.3.9 and 85A.3.2.
13 Calibration (deviation and drift): Evaluate in accordance with 17.16.6 for a temperature protective control or 17.16.7
for a pressure protective control.
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19.3 Protection of single-phase hermetic refrigerant motor-compressors

19.3.1
following:

Single-phase hermetic refrigerant motor-compressors shall be protected by one or more of the

a) A separate overload relay that is responsive to motor compressor current and will trip at not
more than 140 percent of the rated load or maximum rated current of the motor compressor;

b) A thermal protector integral with the motor compressor or a protective system that complies with
the applicable requirements in the Standard for Safety of Household and Similar Electrical
Appliances — Part 1: General Requirements, UL 60335-1, together with the Standard for Safety of
Household and Similar Electrical Appliances — Part 2: Particular Requirements for Motor-

Comp €SSO0rlS, UL 0US59-2-54, OF

c) An pvercurrent device, such as a fuse or circuit breaker, responsive to motof curre
at no fnore than 125 percent of the motor-compressor rated-load or maximum rated cu

19.3.2
continuous ¢
selection curn

a) The
or 240

In reference to 19.3.1 (b), a motor-compressor protector or protective. system shall

nt, and rated
rrent.

not permit a

rrent in excess of 156 percent of the motor-compressor rated.load current or branch-circuit

ent (if the latter is marked), unless:

volt, single phase branch circuit; or

b) Thg¢ motor-compressor protector or protective system is provided by an adjustable

systen

19.3.21 Eaq
as part of the

19.3.3 The
the values m
rated load cu
Temperature

19.4 Proteg

19.4.1 Thre

a) Thr

n.

ch component of the protective system*specified in 19.3.1(b) or 19.3.2(b) shal
equipment.

values of rated-load current-and branch-circuit-selection current specified in 19
brked on the equipmentmnameplate. For equipment marked with a single-ampe]
rrent as specified in 19.32 shall be the current drawn by the motor-compress
bnd Pressure Test,«Section 57.

tion of three-phase motors

b-phase motors shall be protected by:

beproperly rated overcurrent units, each complying with 19.2 or 19.3; or

equipment is intended for connection to a 15- or 20-afaperes, 120 volt or a 15-ampere, 208-

speed drive

be provided

).3.2 shall be
re rating, the
or during the

b) Other protective methods if the methods provide protection under primary single-phase failure
conditions. Equipment with such protective methods shall be marked as described in 92.21.

20 Fusehol

20.1

ders

Except as specified in 20.1.1, a fuseholder shall be installed, or protected so that uninsulated high-

voltage live parts located within 4 in (102 mm) from the insulating body of a fuse, are not exposed to
contact by persons removing or replacing fuses. An insulationg barrier employed as a guard for

uninsulated h

20.1.1

igh-voltage live parts shall comply with 7.1.1 —7.3.

a) The screw shell of a plug fuseholder;

In reference to 20.1, uninsulated high-voltage live parts not complying with 20.1 shall be:
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b) Ca

rtridge fuse clips; or

¢) Wiring terminals to the fuseholder.

20.2 Fuseholders shall either comply with the Standard for Fuseholders, UL 512, or with the Standard for
Fuseholders — Part 1: General Requirements, UL 4248-1, in conjunction with any of the associated

Standards ta

bulated below, as applicable for the class of fuseholder:

a) Standard for Fuseholders — Part 4: Class CC, UL 4248-4; or

b) Standard for Fuseholders — Part 5: Class G, UL 4248-5; or

b

c) St
d) Stg
e) Sta
or
f) Sta
g) Ste
20.3 The s
load.
20.4 A plug
fuses.
21

211 Unles
receptacle in
receptacles 3

21.2 Receq

ol ol £ = lo-alal D Q. Ol 1
Mudiu TUr T USTTIUIUTTS = T dit 0. Uldss J,

ndard for Fuseholders — Part 9: Class K, UL 4248-9; or

ndard for Fuseholders — Part 11: Type C (Edison Base) and Type S-Plug Fuse

hdard for Fuseholders — Part 12: Class R, UL 4248-12; or

ndard for Fuseholders — Part 15: Class T, UL 4248-15.

crew shell of a plug fuseholder used in a high-voltagé circuit shall be connects

fuseholder of the Edison-base type shallbe provided with an adapter design

Receptacles

5 intended to be connected io a power supply separate from that supplying d
tended for general us€ shall be rated at 15 or 20 amp, 125 or 250 V. Al
hall be of the grounding, type.

tacles shall comply with the Standard for Attachment Plugs and Receptacles, U

21.3 Special purpose receptacles shall be of the grounding type.

21.4 Recey
enter the red

UL 4248-11;

bd toward the

bd for Type S

ther loads, a

general use

| 498.

tacles-shall be located so that liquid due to overflow, splashing, leakage, and clq

baning will not

eptacle. This will require the face of the receptacle to be mounted not less than 60 degrees

from the horizontal.

22 Receptacle Overcurrent Protection

221

the equipment.

Overcurrent protection shall be provided as part of the equipment for each receptacle included in

Exception No. 1: Overcurrent protection is not required if the receptacle is intended to be connected to a
power supply separate from that supplying the equipment. See 92.23.

Exception No. 2: Overcurrent protection is not required if the equipment can be connected to a branch
circuit rated at not more than 20 amp in accordance with the National Electrical Code, ANSI/NFPA 70, and
is not marked as specified in 91.12.
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22.2 The overcurrent protection specified in 22.1 shall be provided by a circuit breaker (s) or fuse (s)
acceptable for branch circuit use. A 15 amp protective device shall be provided if a single 15 amp
receptacle outlet is furnished. Two or more 15 amp receptacles (two separate receptacles or a duplex
receptacle) shall be protected by either a 15 or 20 amp protective device. A 20 amp receptacle or a
combination 15 and 20 amp receptacle shall be protected by a 20 amp protective device.

Exception: A receptacle circuit may be protected by an overcurrent protective device rated less than
indicated above provided the rating equals the receptacle load which is marked on the equipment. See
91.12. If the equipment is intended for connection to a branch circuit rated at not more than 20 amp, the
overcurrent protective device provided for the receptacle circuit may be of the supplementary type.

23 Valves and Solenoids

23.1 An ele
Valves, UL 44

ctrically operated valve or solenoid shall comply with the Standard for Electrically Operated
9 or comply with the requirements of the Burnout Test, Section 65.

24 Capacitors
| 24.1 A motgr start or run capacitor shall comply with the Standard for Capacitors, UL 810 or|shall:
a) Be|housed within a cabinet, enclosure or other similar_container which will protgct the plates
againgt mechanical damage and which will prevent the\emission of flame or mqlten material
resulting from failure of the capacitor.

b) Ha
metal

c) Be
applic
specif]
Tests

e a capacitor container that is protected against corrosion as specified in 9.3.
Capacitor container is exposed to the effects of weathering, and be:

1) Made of coated or uncoated shegt steel having a thickness of not less thg
(0.51 mm); or

2) Mounted within the equipment cabinet or enclosure if the sheet steel is thinn
inch (0.51 mm) or if materials other than metal are used as the capacitor contai

protected against expulsion of the dielectric medium when tested in accorda
bble performance-requirements of this standard, including faulted overcurrent
ed in the Limitéd,Short-Circuit Test, Section 73. The conditions for the Limited
pall be based'en:

1) The(circuit on which the capacitor is used;

2)\Not less than the current specified in Table 73.1; or

1 if a ferrous

n 0.020 inch

er than 0.020
ner.

nce with the
conditions as
Short-Circuit

3) Not less than the current established by dividing the circuit voltage by the impedance of
the other component(s), if the available fault current is limited by other components in the

circuit, such as a motor start winding.

| 242 Deleted

| 243 Deleted

24.4

If the container of an electrolytic capacitor is metal, the container shall be considered as a live part

and shall be provided with moisture-resistant electrical insulation to isolate it from dead metal parts and to
prevent contact during servicing operations. The insulating material shall be not less than 1/32 in (0.8 mm)
thick except as indicated in 41.9.

| 245 Deleted
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246 Across-the-line capacitors, antenna-coupling components, line-bypass components and fixed
capacitors for use in electronic equipment shall comply with the Standard for Fixed Capacitors for Use in
Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for Electromagnetic Interference
Suppression and Connection to the Supply Mains, UL 60384-14 and shall have specifications as follows:

a) Operating voltage — Not less than 110 percent of the equipment rated voltage.

b) For capacitors connected across the line (phase-to-phase) — Subclass X1 (£ 4.0 kV) or X2 (= 2.5
kV) for impulse voltage (based on minimum Overvoltage Category of Il).

c¢) For capacitors connected from line to ground — Subclass Y1 or Y2 for any equipment having a

rated voltage not exceeding 500 volts; or as an alternate, subclass Y4 if the equipment has a rated
Vo|ta e not nvr\nnrﬁng 150 \I{'\H‘Q_

d) Upper category temperature — Based on the maximum capacitor surface temperatlire measured
during the Temperature and Pressure Test in Section 57, but not less than 185°E(85°C).

e) Lawer category temperature — Based on the minimum surface temperature for which the
capagitor has been designed to operate when installed within equipment as intepded, but not
greater than 14°F (-10°C).

f) Durtion of the damp-heat steady-state test — Not less than 24 _days.

g) Papsive flammability category B or C. As an alternate,a‘polymeric capacitor case shall have a V-
0 flame rating as described in the Standard for Tests for Flammability of Plastic Matefrials for Parts
in Deyices and Appliances, UL 94.

24.7 In reference to 24.6, a capacitor shall consist-of a single Class Y1 capacitor or {wo Class Y2
capacitors cgnnected in series if it is connected between:

a) Twp line conductors in a primary cireuit;
b) Ong line conductor and the neutral conductor;
c¢) Primary and accessible secondary circuits; or

d) The primary circuit and protective earth (equipment grounding conductor connectiop).

25 Transformer Protection

25.1 High-voltage'transformer

25.1.1 General

25.1.1.1 A transformer (including an autotransformer), other than one as described in 25.1.3.4, is
considered to be a high-voltage transformer and shall comply with the Standard for Low Voltage
Transformers — Part 1: General Requirements, UL 5085-1 and the Standard for Low Voltage Transformers
— Part 2: General Purpose Transformers, UL 5085-2. Except as indicated in 25.1.1.2, the transformer shall
also:

a) Be provided with thermal overload protection in accordance with the requirements in 25.1.2.1, or
b) Be protected by an overcurrent device in accordance with the requirements in 25.1.3, or

c) Comply with the Burnout Test — High-Voltage Transformers, Section 66.

25.1.1.2 Atransformer not complying with (a), (b) or (c) of 25.1.1.1 shall be:
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a) Used only to energize a control and not loads such as motors or heaters;

b) Rated less than 50 VA;

c) Supplied as an integral part of a motor-controller; and

d) Located within the motor-controller enclosure.

25.1.2 Thermal protection

25.1.21

If a high-voltage transformer is provided with a thermal overload protective device, the device

shall be arranged to mterrupt prlmary current and shall limit temperatures of the transformer windings,

under overlo@d

Overload Tes

Exception: If
test is to be
Section 66.

25122 A

endurance raT;ng of not less than 6000 cycles and shall have a cutout calibration temperature

+10°F (£6°C)

25.1.3 Oveilcurrent protection

— High- Voltage Transformers Section 69.

the thermal overload protective device provided is a nonrenewable thermal cut
conducted in place of the overload test. See Burnout Test — Hjgh-Voltage T

anual or automatic resetting thermal protector for a high4voltage transformer s

of its maximum marked set-point temperature.

indings. See

Dff, a burnout
[ransformers,

thall have an
that is within

btection shall

25.1.3.1 W:I:en a high-voltage transformer is protected-by an overcurrent device, such pr
comply with the requirements specified in 25.1.3.2, 26.1.3.3 and 25.2.1 — 25.2.3.
25.1.3.2 Except as noted in 25.1.3.3, a high-voltage transformer shall be protected by anf overcurrent

device(s) locq

Exception: W
current does
of protective

the National &

25133 W
overcurrent

transformer, additional overcurrent protection is not required in the primary circuit provided th

circuit is prot

ted in the primary circuit and rated or set as indicated in Table 25.1. See 25.2.1.

hen the rated primary currént of the transformer is 9 amp or more and 125 p
hot correspond to a standard rating of fuse or circuit breaker, the next higher st
evice may be used.-Standard ratings of protective devices are specified in Seq
lectrical Code, ANSI/NFPA 70.

hen the Citcuit supplying a transformer other than an autotransformer is p
rotection Jrated or set at not more than 250 percent of the rated primary c

peted”at not more than 125 percent of the rated secondary current of the tran

breent of this
hndard rating
tion 240-6 of

rovided with
urrent of the
e secondary
sformer. See

25.2.2.

Exception No. 1: When the rated secondary current of the transformer is 9 amp or more and 125 percent
of this current does not correspond to a standard rating of fuse or circuit breaker, the next higher standard
rating of protective device may be used in the secondary circuit. Standard ratings of protective devices are
specified in Section 240-6 of the National Electrical Code, ANSI/NFPA 70.

Exception No. 2: When the rated secondary current of the transformer is less than 9 amp, the overcurrent
device(s) in the secondary circuit may be rated or set at not more than 167 percent of the rated secondary

current.
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Table 25.1
Rating of overcurrent devices

Related primary current, amp Maximum rating of overcurrent
Transformer other than an device, percent of transformer
autotransformer Autotransformer primary current rating
Less than 2 - 300°
2 or more, less than 9 Less than 9 167
9 or more 9 or more 125

@ May be increased to 500 percent if transformer supplies a motor control circuit.

25.1.3.4 Afltransformer that directly supplies a National Electrical Code, ANSI/NFPA 70,
(see 3.7) shall, in accordance with the Standard for Low Voltage Transformers - Pa
Requirements, UL 5085-1, and the Standard for Low Voltage Transformers — Part 3:Class |
Transformerg, UL 5085-3, either limit the output current (inherently limited transformer) o
with an overgurrent device (not inherently limited transformer).

25.2 Over

25.2.1 Ove
be provided
of the branc
25.1.3.2.

25.2.2 Ove

provided as part of the equipment.

2523 Are
a)Be
b) Be
c) Ha
The device (s

branch circu
91.17.

urrent protective device

rcurrent protection in the primary circuit of a transformer, as described in 25.1.
bs part of the equipment if, based on the marked ratifg or ratings of the equipm
h circuit overcurrent protective device or devices\does not exceed the value

rcurrent protection in the secondary circuit.of a transformer, as required by 25.1

nuired transformer overcurrent pretective device(s) provided as part of the equip
provided for all ungroundedconductors,

sized in accordance with'requirements in 25.1.3.2 and 25.1.3.3, as applicable, 4

Ve a voltage rating not less than the circuit in which it is used.

) shall be_a:Gircuit breaker acceptable for branch circuit protection or a fuse 4
t protection, such as a Class CC, G, J, K, L, R, or T cartridge fuse or Type S p

Class 2 circuit
it 1. General
P and Class 3
be equipped

3.2, need not
ent, the rating
5 specified in

.3.3, shall be

ment shall:

cceptable for
lug fuse. See

Exception: If

a transformer supply is tapped from a circuit supplying other loads in the equipn

hent, a device

used for overcurrent protection may be of the supplementary type provided it has a short-circuit rating
acceptable for the circuit in which it is used. See Table 73.1. If the supplementary type device used is a
fuse, the equipment shall be marked in accordance with the requirements in the Exception to 91.17.

2524

In reference to 25.2.3, Class H fuses shall not be used.

25.3 Secondary circuits — general

25.3.1
secondary ci

rcuit:

a) Is not relied upon to reduce a risk of fire, electrical shock, or injury to persons, and

b) Co

mplies with the requirements for an extra-low-voltage electrical circuit in 25.4.

Requirements for high-voltage circuits shall be used in evaluating a secondary circuit unless the
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25.3.2 A wiring compartment or the equivalent for field-wiring terminals for a secondary circuit shall be
separate from a wiring compartment for other terminals. The use of a barrier or partition to separate the

secondary cir

cuit from the other terminals is acceptable.

25.3.3 Except as specified in 25.3.3.1, a secondary circuit shall not be connected to the frame of the
product at more than one point.

In reference to 25.3.3, if a grounding bus is connected to the frame at more than one point and
used as the return path for a secondary circuit, the bus shall be sized for the ampacity of the secondary

25.3.3.1
circuit.
| 2534 The
25.3.5 Ifan

the frame of 4
enclosure an
together.

25.3.6 Apo
following:

| 25.4 Extrad

a) Sta

b) Stal
60950

c) Sta
Safety

| 2541 Ane
a)AQ
b)AC
c)Ap

Part 1
the lim

frama - shall not be used-as the return nath for an axtra.low.vaoltaae circuit
Lad J *

secondary circuit having an open circuit potential of more than 42.4 V péak“is

i can be touched by a person during operator servicing shall be(permanent

wer supply having an output that is other than extra-low-voltage shall comply w

hdard for Power Units Other Than Class 2, UL 1012
hdard for Information Technology Equipment — ‘Safety — Part 1: General Requ

-1; or

Requirements, UL 62368-1.

ow-voltage electrical circuits

ktra-low-voltage electrical eircuit shall be supplied from:
lass 2 transformer;‘or
lass 2 power supply complying with the Standard for Class 2 Power Units, UL 13

pwer supply complying with the Standard for Information Technology Equipme
GeneralRequirements, UL 60950-1, with an output marked “Class 2” or that ¢
ited.power source (LPS) requirements and is marked “LPS”;

connected to

product, all dead metal parts that may become energized and are exposed or are within the

y connected

th one of the

rements, UL

ndard for Audio/Video, Information and Communication Technology Equipme¢nt — Part 1:

10;

nt — Safety —
omplies with

d) A power supply complying with the Standard for Audio/Video, Information and Communication
Technology Equipment — Part 1: Safety Requirements, UL 62368-1 and with the limited power
source requirements and is marked “LPS”; or

e) An isolating transformer having an open circuit sinusoidal potential of 30 V rms (42.4 V peak) or

less, and that includes at least one of the following means, that limits the power available to the

levels

specified for a Class 2 transformer.

1) A fixed impedance

2) A noninterchangeable fuse — the largest fuse that fits in the fuseholder provided — or a
marking for fuse replacement adjacent to the fuseholder in accordance with 91.27.

3) A nonadjustable manually reset circuit protector; or

4) A regulating network.
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25411 A switch mode power supply unit not complying with 25.3.6 or 25.4.1 shall comply with the
relevant requirements in this Standard, including the Switch Mode Power Supply Units — Overload Test,
Section 69B.

25.4.2 With reference to 25.4.1(e)(1) and (4), if the performance of a fixed impedance or regulating
network may be adversely affected by the short circuit or open circuit of any single component in the
network, the likelihood of such malfunction occurring shall be determined by investigation of that
component.

25.4.3 The impedance, the fuse, the protector, or the regulating network, and the wiring between it and
the isolating transformer mentioned in 25.4.1 shall be judged as if it were part of a line-voltage circuit.

25.4.4 A fuse or a circuit protector used to limit the power as specified in 25.4.1 shall be.fjated or set at
not more thgn 3.2 amp for a circuit operating between 15 and 30 V, and at not morecthah 5.0 amp for a
circuit operating at 15 V or less.

25.4.5 Animpedance or a regulating network that is used to limit the current as’specified in 5.4.1 shall:

a) Limit the current under short circuit conditions to not more than 8:0 amperes measured after 2
minutes; or

b) Be|powered by an extra-low-voltage transformer that complies with Section 68.
25.4.6 The|performance of a regulating network used to*limit the power in accordance with 25.4.1 shall

not be advelsely affected by either short circuit or open<ceircuit between any two terminals|of any single
rectifier, capacitor, transistor, or similar component in the network.

25.4.7 Thelwiring in an extra-low-voltage circuit, shall be:

a) Rquted away from the wiringand uninsulated live components of other circuits or shall be
provided with insulation that is rated for use at the highest of the voltages in the other gircuits; and

b) Prpvided with strain relief.if stress on the wiring would cause the extra-low-volfage circuit to
contagt an uninsulated Jive“part of another circuit.

| 2548 Deldted

| 2549 Deldted

26 ElectriqHeaters

26.1 Electric resistance heating elements shall comply 26.2 — 26.9 or with the construction requirements
of the:.

a) Standard for Electric Heating Appliances, UL 499; or

b) Standard for Sheathed Heating Elements, UL 1030.

26.2 An electric heater shall be an encased assembly constructed of materials that will not be damaged
by the temperature to which they will be subjected in the unit.

26.3 Metal tubing forming a heater element enclosure shall be constructed of corrosion resistant material
or shall be plated, dipped, or coated to resist external corrosion and shall be acceptable for the
temperatures to which it is subjected. See 26.5.
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26.4 A heater element, installed in the complete unit, shall be protected against mechanical damage.
The heater is considered to be protected if it (1) employs a copper or steel sheath that is at least 0.016 in
(0.41 mm) thick, or (2) cannot be contacted when the probe illustrated in Figure 6.1 is inserted with a force
of 51b (22.2 N).

26.5 Uncoated copper tubing can be used for temperatures of 392°F (200°C) and lower; metallic coated
copper tubing can be used for temperatures below the melting temperature of the coating. Uncoated or
oxide-coated steel tubing is not to be used as a heater sheath. Plated steel tubing can be employed if the
coating is corrosion resistant and will withstand the temperatures to which it may be subjected. Aluminum
tubing can be employed if the alloy withstands the Burnout Test — Electric Heater, Section 67, without
melting or other malfunction. Stainless steel tubing of the austenitic grades, such as ASTM Type 304, can

be employed for heater sheaths.

26.6
shall be of a
subjected in t

26.7
Materials, suq
and protecteq

Insulaling materials, such as washers and bushings, that are integral parts of a_he3

hoisture-resistant material that will not be damaged by the temperatures‘to whic
ne unit.

Insulating material employed in a heating element shall be used as, the sole support

h as magnesium oxide, may be used in conjunction with othehihsulating mater
so that mechanical damage is prevented and if not subjected to the absorptior

When condug

is enclosed
contact in co

strength, diegI

thermal aging.

ting the investigation of an insulating material, consideration is to be given to it
ctric strength, insulation resistance (see 72.2), heattesistant qualities, the degr|
r protected, and any other features involved that ¢an result in a risk of fire an
junction with conditions of service. All of these'factors are to be considered w

26.8 A heater case or a terminal seal of rubber, neoprene, or thermoplastic materials shal

the Accelerat

26.9 An el
Resistance Tj
have a wall th

27 Electric

| 271 i maifg

a) Be
Sectio

bd Aging Test — Electric Heaters, Segction 84.

bctric heater assembly shall (be sealed to prevent entrance of moisture. Sg
bst, Section 72. Molded sealcaps, vulcanized to the heater leads and heater
ickness equivalent to that required for the heater leads.

Heater Control

nction could.result in risk of a fire or electric shock, electric heaters shall:

provided with a thermal protective device complying with protective control reg
n17;

ting element
h they will be

of live parts.
als if located
of moisture.
5 mechanical
ee to which it
H unintended
th respect to

comply with

be Insulation
sheath, shall

uirements in

b) Be

ravtdadaasts ranl hla tharonal ALt £
MTUVIUCTU WILIT A TOPIALTAVIC TIcTTinar CUtuit, Ul

¢) Comply with the Burnout Test — Electric Heater, Section 67.

| 2722
| 273
| 274

275

Deleted

Deleted

Deleted

accessible for replacement without damaging other connections or internal wiring.

In reference to 27.1(b), a thermal cutoff shall be secured in place and located so that it will be
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27.6 Replacement of a thermal cutoff shall not necessitate the removal of a heater element from its
installation unless the heater element is intended to be removable.

27.7 Wiring connected to a thermal cutoff shall be secured so that replacement of the thermal cutoff will
not result in displacement or disturbance of internal wiring other than leads to either the cutoff or to a

heating elem

ent assembly on which the cutoff is mounted.

28 High-Voltage Control Circuit Conductor Overcurrent Protection

28.1

General

2811 If a
Transformer

28.2 Direct

28.2.1 Adi

+ l H H Lol tlo o + £, HP P | oy £ 4l
CuUNnmrureinouint 1o osUppIicu LIIIUUUII a udarioliunricr  pruviucuUu do  palt Ul uic ©

Protection, Section 25, for additional requirements.
-connected high-voltage control circuit

ect-connected high-voltage control circuit shall be marked as specified in 92.24.

28.3 Tappdd high-voltage control circuit

28.3.1 Ata
3.12). The
specified in

Exception N

pped high-voltage control circuit conductor shall be provided with overcurrent p
ting of the overcurrent protective device or devices shall not exceed the ap

r;rable 28.1.

. 1: An 18, 16, and 14 AWG (0.81, 1.3,and 2.1 mm?) conductor that does n

uipment, see

See 3.11.

rotection (see
blicable value

bt exceed 4 ft

(1.2 m) in lenigth between points of opposite polarity.may be protected by a fuse or circuit brgaker rated 60
amp or less.
Exception Np. 2: An overcurrent protective device of a higher rating may be used if tHe conductors

withstand sh
Exception N¢

Exception N
that is conn
overcurrent

Dri-circuiting when tested asspecified in the Limited Short-Circuit Test, Section 1
. 3: Alead 12 in (305 mm) or less in length need not be provided with overcurre

D. 4. A controlscircuit conductor, supplied from the secondary of a single-phas
bcted so thatwonly a 2-wire (single voltage) secondary is used, may be prd
Hevice (s)_located on the primary side of the transformer provided this pri

accordance With requirements specified in Transformer Protection, Section 25, and the rating

does not ex|
primary rateq

beed ‘the applicable value specified in Table 28.1 multiplied by the ratio of
transformer voltage.

3.
nt protection.

e transformer
tected by an
btection is in
of the device
secondary-to-

Exception No. 5: A control circuit conductor that is tapped from the main power circuit at a point outside of
the control equipment enclosure shall be protected as specified in Column A of Table 430-72(b) of the
National Electrical Code, ANSI/NFPA 70.
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Table 28.1
Overcurrent protective device rating for control circuit conductors

Maximum rating of overcurrent protective device, amp
Conductors contained in control Conductors extending beyond control
Trapped control-circuit equipment enclosure equipment enclosure
conductor size, AWG Copper Aluminum? Copper Aluminum?

18 25 - 7 -

16 40 - 10 -

14 100 - 45 -

12 120 100 60 45

10 160 140 90 75

Largef than 10 b b c c

@ Includes coppkr-clad aluminum

b 400 percent of value specified for 80°C conductors in Table 310-17 of National Electrical Code, ANSI/NPPA 70.
¢ 300 percent of value specified for 60°C conductors in Table 310-16 of National Electrical Code, ANSJ/NFPA 70.

28.4 Overclrrent protective device

28.4.1 Ovefcurrent protection for a tapped high-voltage control cireuit conductor, as requied by 28.3.1
shall be proviged as part of the equipment.

Exception: The overcurrent device (s) need not be provided as part of the equipment if, hased on the
marked rating (s) of the equipment, the rating of the hrarich circuit overcurrent protective dgvice (s) does
not exceed the values specified in Table 28.1.

28.4.2 A control circuit overcurrent protective device(s) shall:
a) Be provided for all ungrounded conductors,
b) Be sized in accordance with'requirements in 28.3.1, and

¢) Have a voltage rating-not’less than the circuit in which it is used.

The device(s) shall be a.circuit breaker acceptable for branch circuit protection, or a fuse apceptable for
branch circuif protection;-such as a Class CC, G, J, K, L, R, or T cartridge fuse or Type S plug fuse. See
91.17.

Exception: If the control-circuit is tapped from a circuit supplying other loads in the equipment, a device
used for overcurrent protection may be of the supplementary type provided it has a short-circuit rating
acceptable for the circuit in which it is used. See Table 73.1. If the supplementary type device used is a
fuse, the equipment shall be marked in accordance with the Exception to 91.17.

28.4.3 Inreference to 28.4.2, Class H fuses shall not be used.
29 Circuit Breakers, Fusing Resistors and Supplementary Protectors

29.1 Circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers, Molded-Case
Switches and Circuit-Breaker Enclosures, UL 489. In addition, circuit breakers used in telecommunications
circuitry shall comply with the Standard for Circuit Breakers For Use in Communications Equipment, UL
489A.
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29.2 Circuit breakers used to protect circuits having more than one ungrounded conductor and no
grounded neutral shall be of the multipole common trip type arranged to open all ungrounded conductors.
The use of external handle ties does not in itself constitute a common trip mechanism.

29.3 Fusing resistors shall comply with the Standard for Fusing Resistors and Temperature-Limited

Resistors for

Radio- and Television-Type Appliances, UL 1412.

29.4 Supplementary Protectors shall comply with the Standard for Supplementary Protectors for Use in
Electrical Equipment, UL 1077.

29.5 A fusing resistor or supplementary protector shall not be used in place of a circuit breaker or

ontrol-

protective ¢
30 Conne

30.1 Singlg
between ele
conductors,
Component

31

31.1  Alum
Nonmetallic

31.2 Flexib
conduit shall

31.3 Electr

32 Electrigal Insulation Systems

32.1  Film-g
(Class A) sh
requirementg
(Class A) arg

(Jtors

Electridal Cable, Conduit and Tubing

and multipole connectors for use in data, signal, control and powerapplicatio
ctrical equipment, and that are intended for factory assemblyito’ copper or
or for factory assembly to printed wiring boards, shall comply with the
Connectors for Data, Signal, Control and Power Applications,"UL 1977.

num or steel armored cable shall comply with:the Standard for Armored
sheathed cables shall comply with the Standard.for Nonmetallic Sheathed Cable

e metal conduit shall comply with the Standard for Flexible Metal Conduit, UL
comply with the Standard for Electrical;Rigid Metal Conduit - Steel, UL 6.

oated wire or materials used in an insulation system that operates at or abo
all comply with~the' Standard for Systems of Insulating Materials - General, |
for film-coated wire or materials used in insulation systems that operate bel
unspecified:

32.2 Insul

Insulating Tape, UL 510.

1§ing tape shall comply with the Standard for Polyvinyl Chloride, Polyethylene,

ns within and
copper alloy
Standard for

Cable, UL 4.
s, UL 719.

1. Rigid steel

cal steel tubing shall comply with:the Standard for Electrical Metallic Tubing - Stg¢el, UL 797.

ve Class 105
UL 1446. The
pw Class 105

and Rubber

32.3

32.4

33 Electromagnetic Interference Filters

| 33.1 Electromagnetic interference filters shall comply with the:.

a) Standard for Electromagnetic Interference Filters, UL 1283; or

Insulating sleeving shall comply with the Standard for Coated Electrical Sleeving, UL 1441.

Insulating tubing shall comply with the Standard for Extruded Insulating Tubing, UL 224.

b) Standard for Passive Filter Units for Electromagnetic Interference Suppression — Part 3: Passive

Filter

Units for Which Safety Tests are Appropriate, UL 60939-3.
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34 Fuses

34.1 Unless otherwise specified, fuses shall comply with the Standard for Low-Voltage Fuses — Part 1:
General Requirements, UL 248-1, in conjunction with any of the associated standards tabulated below, as
applicable for the class of fuse:

a) Standard for Low-Voltage Fuses — Part 4: Class CC Fuses, ; or

b) Standard for Low-Voltage Fuses — Part 5: Class G Fuses, UL 248-5; or
c) Standard for Low-Voltage Fuses — Part 8: Class J Fuses, UL 248-8; or

d) Stapdard-forLow-\oltage Fuses—Part 9: Class K Fuses UL 248-9; or
e) Stapdard for Low-Voltage Fuses — Part 10: Class L Fuses, UL 248-10; or

f) Starjdard for Low-Voltage Fuses — Part 11: Plug Fuses, UL 248-11; or
g) Stapdard for Low-Voltage Fuses — Part 12: Class R Fuses, UL 248-12;.0r

h) Staphdard for Low-Voltage Fuses — Part 15: Class T Fuses, UL 248415.

34.2 If a supplementary fuse is permitted in accordance with the-requirements in this Standard, such a
fuse shall comply with the Standard for Low-Voltage Fuses — Part'1: General Requirements,|UL 248-1, in
conjunction with the Standard for Low-Voltage Fuses — Part 14:Supplemental Fuses, UL 248114.

35 Lighting Systems
35.1 Lampholders and indicating lamps shall comply with the Standard for Lampholders, UL|{496.

35.2 Lighting ballasts shall comply with one“of the following:
a) Stapdard for Fluorescent-Lamp: Ballasts, UL 935; or

b) Stapdard for High-Intensity-Discharge Lamp Ballasts, UL 1029.

35.3 Light Emitting Diode (LED) light sources shall comply with the Standard for Light Emitting Diode
(LED) Equipnpent For Use-in-Lighting Products, UL 8750.

36 Optical Isolators'and Semiconductor Devices

36.1 An opt calisolator shall r\nmpl\]/ with-the Standard for ﬁpi‘ir‘al Isolators, UL 1577 if it is melied upon to
provide isolation between:

a) Primary and secondary circuits;
b) Extra-low-voltage safety circuits; or

c) Other high-voltage circuits

36.1.1 In addition to complying with 36.1, an optical isolator relied upon to provide feedback between
primary and secondary circuits of a switch mode power supply unit shall have a minimum isolation voltage
of 1500V.

36.2 A power switching semiconductor device that is relied upon to provide isolation to ground shall
| comply with the Standard for Electrically Isolated Semiconductor Devices, UL 1557. If the switching
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semiconductor is used as part of a switch mode power supply unit, it shall have a minimum isolation
voltage of 1500V.

36A Information Technology Equipment

36A.1 Information technology equipment such as a printer, visual display unit, router, communication
connectors/data ports or computer shall comply with the:

a) Standard for Information Technology Equipment — Safety — Part 1: General Requirements, UL
60950-1; or

b) Standard for Audio/Video, Information and Communication Technology Equipment — Part 1:
Safety Requirements, UL 62368-1.

37 Outlet Boxes

37.1  Outlet|boxes shall comply with UL 514A for Metallic Outlet Boxes or UL,514C for Nonmetallic Outlet
Boxes, Flush Device Boxes, and Covers. Fittings shall comply with UL 514B for Conduit| Tubing, and
Cable Fittings. Cover plates shall comply with UL 514D for Cover Rlat€s for Flush-Mqunted Wiring
Devices.

38 Terminal Blocks

38.1 Terminal blocks shall comply with the Standard for Terminal Blocks, UL 1059, and, if applicable, be
suitably rated for field wiring.

38.2 In reference to 38.1, if a fabricated part performs the function of a terminal block, [the part shall
comply with|10.2 (Terminals), 15 (Current-Cartying Parts), 16 (Insulating Material), and [the spacings
requirementg as applicable to the type of circuityas specified below:

a) High-voltage circuit spacings.(Section 41); or

b) Ex{ra-low voltage circuit spacings (Section 42).

38.3 If a fapricated terminal block complies with the alternate spacings requirements in Sgction 43, but
not with the gpacings requirements in Section 41, the terminal block shall not be used for fielg wiring.

39 Batterigs and.Battery Chargers

39.1 A lithijumyjion (Li-On) single cell battery shall comply with the requirements for secgndary lithium
cells in the Standard for Lithium Batteries, UL 1642. A Tithium ion multiple cell battery, and a lithium ion
battery pack, shall comply with the applicable requirements for secondary lithium cells or battery packs in
the Standard for Household and Commercial Batteries, UL 2054.

39.2 Rechargeable nickel cadmium (Ni-Cad) and nickel metal-hydride (Ni-MH) battery cells and packs
shall comply with the requirements in this Standard and with the applicable requirements for secondary
cells or battery packs in the Standard for Household and Commercial Batteries, UL 2054.

39.3 A battery charger that is other than Class 2 shall comply with 25.3.6. A Class 2 battery charger shall
comply with 25.4.1.
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40 Wireways, Auxiliary Gutters and Associated Fittings

40.1 Wireways, Auxiliary Gutters and Associated Fittings shall comply with the Standard for Wireways,
Auxiliary Gutters and Associated Fittings, UL 870.

SPACINGS
41 High-Voltage Circuits
41.1 The following electrical spacing requirements apply only to high-voltage circuits, as defined in
3.7(a).
41.2 Unlesd specifically noted otherwise, the spacings between uninsulated live parts of opgosite polarity
and between|an uninsulated live part and a dead metal part shall be not less than the,values indicated in
Table 41.1.
Table 41.1
Spacings other than in motors
Ratipngs Minimum Spacifigs in (mm)
VA \' Through Air° OverSurface® To Enclosure®
2000 orless | 300 orless 1/82 (3.2) 1/4 (6.4) 1/4 (6.4)
2000 or less 301-600 3/8 (9.5) 1/2 (12.7) 112 (12.7)
More than 150 or less 1/82 (3.2) 1/4 (6.4) 1/2 (12.7)
2000
151 - 300 1/4 (6.4) 3/8 (9.5) 12 (12.7)
301-600 3/8 (9,5) 12 (12.7) 112 (12.7)

@ The spacings
(6.4 mm), exce
not be greater {|

® Includes fitting

¢ At points othe
elements are n

116in (1.
1/4in (6.4

petween wiring terminals of opposite polarity, or between a wiring terminal and ground shall be not I
t that if short-circuiting or grounding of such terminals will not result from projecting strands of wire,
han that given in the above table. Wiring terminals are those connected in the field and not factory wi

s for conduit or metal-clad cable.

than field-wiring terminals; the spacings for heater elements only may be as indicated below provid
t subject to moisture\such as may result from condensation on cooled surfaces:

mm) Through Air and Over Surface for heaters rated 0 — 300 V.
Imm) Through’Air and Over Surface for heaters rated 301 — 600 V.

ss than 1/4 in
Epacing need
red.

bd the

413 The “

[hrough Air” and “Over Surface” spacings specified in Table 41.1 and Tabl

b 41.2 at an

individual con

hponent part are to be based on the total volt-ampere consumption of the load

or loads that

the component controls. For example, the spacings at a component that controls only the compressor
motor are based on the volt-amperes of the compressor motor. Spacings at a component that controls
loads in addition to the compressor motor are to be based on the sum of the volt-amperes of the loads so
controlled. Spacings at a component that independently controls separate loads are to be based on the
volt-amperes of the largest load controlled. The volt-ampere values for loads are to be determined by the
marked rating of the loads. For loads that are not required to have a marked rating, the measured input is
to be used in determining the volt-ampere values.

41.4 All uninsulated live parts connected to different circuits shall be spaced from one another as though
they were parts of opposite polarity in accordance with the requirements indicated in 41.2 and shall be
based on the highest voltage involved.

41.5 With reference to 41.2 and 41.3, the “To Enclosure” spacings specified in Table 41.1 are not to be
applied to an individual enclosure of a component part within an outer enclosure or cabinet.
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41.6 The spacings indicated in Table 41.2 are applicable only to electrical components mounted in totally
enclosed nonrefrigerated and/or nonair handling compartments which are free of moisture, including that
caused by condensation. At wiring terminals and for circuits over 250 V or over 2000 VA, spacings in Table
41.1 apply.

Table 41.2
Spacings in non-refrigerated and/or non-air handling compartments

Ratings Minimum Spacing in (mm)
VA ' Through Air Over Surface To Enclosure?
0-2000 0-—125 1/16 (1.6) 1/16 (1.6) 1/4 (6.4)
125 -250 3/32 (2.4) 3/32 (2.4) 1/4 (6.4)

NOTE - See 2B.6.
2 Includes fittings for conduit or metal-clad cable.

41.7 The spacings specified in 41.1 and 41.2 are not to apply to the inherent spacings of|la component
part of the equipment, such as a snap switch, controller, attachment plug,*and the like, for which spacing
requirementg are given in a standard for the component. However, the’electrical clearance fesulting from
the assembly of the components into the complete product, including clearance to dead metal or
enclosures, ghall be those indicated.

41.8 If higher than rated potential is developed in a motor circuit through the use of capacifors, the rated
voltage of the system is to be employed in judging the required spacings:

Exception: If| the developed steady-state potential:as determined in the temperature and |pressure test
exceeds 5001V, the developed potential is to be uséd in determining the spacings for the part$ affected.

41.9 An insulating barrier employed if.spacings are less than the required values, shall comply with
71.1-7.3.

41.10 The ppacing between uninsulated live terminals of the components in an electric-discharge lamp
circuit and a dead metal part orenclosure shall be not less than 1/2 in (12.7 mm) if the potenfial is 600 V or
less and not |ess than 3/4 in((19-1 mm) if the potential is 601 — 1000 V.

42 Extra-Lpw-Voltage-Circuits

421 The following electrical spacing requirements apply to extra-low-voltage circuits, ps defined in
3.7(b).

42.2 A circuit derived from a source of supply classified as a high-voltage circuit, by having resistance
connected in series with the supply circuit as a means of limiting the voltage and current, is not considered
to be an extra-low-voltage circuit.

42.3 The spacing for electrical components installed in an extra-low-voltage circuit that includes a
protective control shall comply with (a) — (c):

a) The spacing between an uninsulated live part and the wall of a metal enclosure, including fittings
for the connection of conduit or metal-clad cable, shall be not less than 1/8 in (3.2 mm).

b) The spacing between field wiring terminals regardless of polarity and between the wiring
terminal and a dead metal part, including the enclosure and fittings for the connection of conduit,
that may be grounded when the device is installed, shall be not less than 1/4 in (6.4 mm).
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c) The spacing between uninsulated live parts regardless of polarity and between an uninsulated
live part and a dead metal part, other than the enclosure, that may be grounded when the device is
installed, shall be not less than 1/32 in (0.8 mm) provided that the construction of the parts
maintains required spacings.

42.4

shall not be provided within the circuit.

43 Alternate Spacings — Clearances and Creepage Distances

431
Including Cleg
alternative to

a) Hig
b) Ext

43.2 The s

or between uninsulated live parts and a metal enclosure.

43.3 The items outlined in 43.4 —

requirementsli

43.4 Herme|
43.5 Coate
following:

a) Prin

b) Conformal coating requirements as outlined in the Standard for Polymeric Material

the speC|f|ed spacings reqmrements in the foIIowmg:

n-Voltage Circuits — Section 41; and

a-Low-Voltage Circuits — Section 42

acings requirements in UL 840 shall not be used for spacings\bétween field wir

43.9 shall be considered\when evaluating an app
in UL 840.

tically sealed or encapsulated enclosures arejdentified as pollution degree 1.

i printed wiring boards are identified-as pollution degree 1 if they comply wit

ted wiring board coating performance test of UL 840; or

If spacings in an extra-low-voltage circuit are less than those specified in 42.3 a protective control

Except as indicated in 43.2, the spacmgs reqmrements in the Standard for Insulation Coordination
plicable as an

ing terminals

iance to the

h one of the

s — Industrial
inted Wiring

Lamingtes, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in P
Boardp, UL 746E.
43.6 Indoor|use appliances are identified as pollution degree 2.
43.7 Outdogr use appliances are identified as pollution degree 3.
43.8 Category I'is the overvoltage category.
43.9 Printed wiring boards are considered as having a minimum comparative tracking index (CTI) of 100

unless further investigated for a higher CTl index.

43.10 Clearance B (Controlled Overvoltage) clearances as specified in UL 840 shall be achieved by
providing an overvoltage device or system as an integral part of the recovery/recycling equipment.

REFRIGERANT SYSTEM

44 Refriger

44 1

ants

The equipment employing or intended for use with a refrigerant having a flammability safety group

classification exceeding Class 1 as described by the Standard for Designation and Safety Classification of

Refrigerants,

ANSI/ASHRAE 34 shall comply with:


https://ulnorm.com/api/?name=UL 1963 2021.pdf

MARCH 25, 2021

UL 1963

75

a) The relevant requirements in the body of this Standard; and

b) Supplement SB, Requirements for Refrigerant Recovery/Recycling Equipment Intended for Use
with a Flammable Refrigerant.

44.2 Refrigerant recovery/recycling equipment shall not employ or be intended for use with a refrigerant
with a toxicity safety group classification exceeding Class A as described by ANSI/ASHRAE 34.

44.3 The refrigerant employed in the system shall:

a) Have flammability characteristics that have been evaluated in accordance with the Standard for

Refrig

erants, UL 2182; or

b) Be
Speci
34.

444 In re

composition

accordance
a) Inf

b) G4l
45 Refrige

451 Equip
storage sect

means, such
volume of th

rapid liquid re

Exception: §

subjected to a compositional analysis to confirm a composition consistent with
ied in the Standard for Designation and Safety Classification of Refrigerants, A

ference to 44.3 (b), the chemical composition of the refrigerant, including
types and percentages) of a blended refrigerant, shall be determined by analy
vith Section 86A using:

ared analysis for single component refrigerants; or

s chromatography for blended refrigerants.

rant Recovery Capacity

ment shall have a storage section. t0;receive refrigerant during a recovery o

storage section contains liquid-refrigerant at 70°F (21.1°C). There shall be
as a shutoff, to limit migrating-liquid refrigerant from occupying more than 80
b storage section(s) at 70°F(21.1°C) upon termination of all recovery operatio
covery methods.

orage sections-intended to contain low pressure refrigerants R11, R113, R123

means to cease the recovery-operation when 90 percent of the storage volume contains liq
at 70°F (21]11° C). Theresshall be means, such as a shutoff, to limit migrating liquid re

a refrigerant
NSI/ASHRAE

the nominal
ical testing in

peration. This

on shall have an automatic means-to cease the recovery operation when 80 percent of the
volume of the

an automatic
bercent of the
h including all

shall have a
lid refrigerant
rigerant from

occupying mpre than-90 percent of the volume of the storage section(s) at 70°F (21.1°C) upgn termination

of all recovery operations.

45.2 All compg d-so ase refrigerant
recovery operations shaII have an endurance ratlng of 100 000 cycles and adequate electrlcal ratings to
handle all given load conditions.

45.3 Solid state control circuits used to operate the refrigerant recovery operation shall be evaluated in
accordance with 17.15.

454 All electrical and mechanical assemblies that are part of the control system used to cease
refrigerant recovery operations shall be subjected to overvoltage/undervoltage (see Section 70), and
strength tests (see Section 76) described in this standard.
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46 Refrigerant Tubing and Hoses
46.1 Tubing

46.1.1 The wall thickness of copper or steel tubing used to connect components in the refrigerant
systems shall be not less than indicated in Table 46.1.

Exception: Copper or steel capillary tubing that is protected against mechanical damage by the cabinet or
assembly shall have a wall thickness not less than 0.020 in (0.51 mm).

46.1.2 Tubing shall be constructed of corrosion-resistant material such as copper, or shall be plated,
dlpped, coat d, Of U\.{u;va:cut:y treated—to—resistexternatcorroston—Atamittm may be—tsed where the

material is nof subject to galvanic corrosion.

Table 46.1
Minimum wall thickness for copper, steel and aluminum tubing
Copper Steel Aluminum
Protected or
Outside diameter, Protected? Unprotected unprotected
in (mm) in (mm) in (mm) in (mm) in (mm)
3/16 4.76) 0.0279 (0.71) 0.0299 (0.76) 0.0279 (0.71) 0.0350 (0.89)
1/4 (6.4) 0.0245 (0.622) 0.0265 (0.673) 0.025 (0.64) 0.0350 (0.89)
5/16 (7.9) 0.0245 (0.622) 0.0285 (0:724) 0.025 (0.64) 0.0350 (0.89)
3/8 (9.5) 0.0245 (0.622) 0.0285 (0.724) 0.025 (0.64) 0.0350 (0.89)
12 12.7) 0.0245 (0.622) 0.0285 (0.724) 0.025 (0.64) 0.0350 (0.89)
5/8 15.9) 0.0315 (0.800) 0:0815 (0.800) 0.032 (0.81) 0.0488 (1.24)
3/4 19.1) 0.0315 (0.800) 0.0385 (0.978) 0.032 (0.81) 0.0488 (1.24)
7/8 22.2) 0.0410 (1.041) 0.0410 (1.041) 0.046 (1.17) 0.0650 (1.65)
1 25.4) 0.0460 (1.168) 0.0460 (1.168) - - 0.0720 (1.83)
NOTE — Nominfl wall thickness of tubing will have to be greater than the thickness indicated to maintain the minimum wall
thickness.
@ Within the profuct.

46.1.3 Tubing forminig part of components such as evaporators or condensers, where |protection is
afforded by ihherent construction, shall be judged according to Strength Test — Pressurg Containing
Components |Section 76

46.1.4 Special alloys or constructions used in components of the refrigerant system including tubing with
a wall thickness less than indicated in 46.1.1 are acceptable, subject to an investigation that considers:

a) Resistance to mechanical abuse,

b) Strength against internal pressure,

c) Resistance to corrosion,

d) Protection against refrigerant contamination, and

e) Compliance with requirements of safety codes such as the Safety Standard for Refrigeration
Systems, ASHRAE 15, as compared to tubing of the minimum wall thicknesses indicated in Table
46.1.
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46.1.5 Tubing connections shall be made by means of flare-type fittings with steel or forged brass nuts,
by soldering or brazing, or by equivalent means. Flare-type fittings shall comply with the Standard for
Refrigeration Tube Fittings — General Specifications, SAE J513.

46.2 Hoses

46.2.1 A hose assembly provided for field connection of the recovery/recycling equipment to equipment
being serviced or provided when flexibility is needed in accordance with 6.1.9 shall comply with Section
58. Such hose assemblies provided with equipment intended for outdoor use and marked in accordance
with 91.22 shall be investigated with respect to the effects of outdoor exposure.

47 Refrigefant-ContainingParts

47.1 Parts pf the equipment subjected to refrigerant pressure shall comply with one of the following:
a) Strength Tests — Pressure Containing Components, Section 76;

b) The Standard for Refrigerant-Containing Components and Accessories, Nonelectrical, UL 207;
or

c) Segtion 50 for storage cylinders that do not comply with 47.8.

47.2 If a refrigerant containing part is subjected to the Fatigue Test in accordance with UL 207 as
referenced if 47.1 (b), then the maximum abnormal or design pressures required for this| test shall be
based on thg maximum refrigerant pressures obtained on.the component during the tests of the refrigerant
recovery/recycling equipment in accordance with this standard.

47.3 If the| high-side design pressure marked ©on the equipment as described in 91.2 (e) equals or
exceeds the|critical pressure of the refrigerant,~and if the Fatigue Test is conducted in ac¢ordance with
47 .1 (b), then the upper test pressure for the*high-side parts of the:

a) First cycle shall be the higherof either the equipment maximum abnormal or marked design
pressjre; and

b) Remaining cycles ghall be not less than 95 percent of the higher of either the equipment
maxirum abnormal or marked design pressure.

47.4 In refgrence to-47-3, the lower pressure for all cycles shall not be greater than the saturated vapor
pressure of the refrigerant at 40°F (4.4°C). For R744, this value is 553 psig (3.8 MPa).

47.5 In refdrence to 47 3, the critical pressure of R744, this value is 1058 psig (7295 kPa)

47.6 In addition to the requirement of 47.1, parts of equipment subjected to refrigerant pressure shall be
constructed of corrosion resistant material such as copper or stainless steel, or plated, dipped, coated, or
equivalently treated to resist external corrosion.

47.7 The dial of a pressure gauge connected in the high side of the refrigerant system shall be graduated
up to:

a) No less than two times the maximum operating pressure, or, if a pressure-limiting device is
employed in the refrigerant system, no less than 1.2 times the setting of that device;

b) No less than 1.2 times the marked factory leakage test pressure; and
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c) No less than 1.2 times the marked design pressure of high-side refrigerant-containing
components.

The dial of a pressure gauge connected in the low side of refrigerant system shall be graduated up to no
less than two times the maximum operating pressure, no less than 1.2 times the marked factory leakage
test pressure, and no less than 1.2 times the marked design pressure of the low-side refrigerant-
containing components.

47.8 Pressure vessels over 6 in (152 mm) inside diameter shall be constructed, tested, and stamped in
accordance with the ASME Boiler and Pressure Vessel Code, Section VIII, for a working pressure in

compliance with the applicable performance requirements of this standard.

Exception: P
required to bg
Code.

479 Press
acceptable w

47.10 Presq
with the Stre
evidence of ¢

47.11 Valve
operation shg

48 Pressur

I 48.1 A prg
compressor s

a) Be
refrige

[essure vessels subjected to a gauge pressure not exceeding 15 psig (102
b constructed, tested and stamped in accordance with the ASME Boiler and, Pre

ire vessels bearing the ASME Code “U” symbol complying pwith 47.8 arg
thout tests.

ure vessels bearing the ASME Code “UM” symbol are toe tested to determin
ngth Tests— Pressure Containing Components, Section 76. The manufacturer,
bmpliance of these vessels with ASME Boiler and Pressure Vessel Code, Sectig

5 employed on ASME marked pressure vessels’that receive refrigerant during
Il comply with the Standard for Cylinder Valves, UL 1769.

b-Limiting Device

ssure-limiting (protective) device designed to automatically stop the opern
hall:

installed on all equipment with a system containing more than 22 pounds-ma
rant; and

b) Comnply with the protective control requirements in Section 17.

| 48.2 The agljustable_cutout pressure setting of a pressure-limiting (protective) device sha

one-third the
exceed ninety

ultimate strength of high-side refrigerant-containing parts, provided this sett
percent of the setting of the pressure-relief device.

kPa) are not
ssure Vessel

b considered

b compliance
shall submit
n VIII.

the recovery

ation of the

5s (10 kg) of

| not exceed
ng does not

48.3 There shall be no stop valves between the pressure-limiting device and the pressure imposing
element of the hermetic compressor.

49 Pressure Relief

49.1

49.11

General

Equipment shall be constructed so that pressure due to fire, or other abnormal conditions, will be

relieved. Pressure-relief devices, fusible plugs, or soldered or brazed tubing joints may be employed for

this purpose.

Exception: Storage container assemblies intended to receive refrigerant during the recovery operation that
comply with Section 50 are considered to comply with this section.
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49.1.2 A pressure-relief device is a pressure-actuated valve or rupture member designed to relieve
excessive pressures automatically.

49.1.3 Equipment with a pressure vessel over 3 in (76 mm) inside diameter, but not exceeding 3 ft* (0.08
m?) internal gross volume, shall be protected by a pressure-relief device or fusible plug.

49.1.4 Equipment with a pressure vessel having an internal gross volume exceeding 3 ft* (0.08 m®) but
less than 10 ft2 (0.28 m®) shall be protected by a pressure-relief device.

49.1.5 There shall be no stop valve between the pressure-relief means and the parts or section of the
system protected. A device other than a stop valve may be located between the pressure-relief means and

intended.

the parts or

49.1.6 Al g
vessel or pg
refrigerant le
cannot readi

ections heina nrotected nrovided it allows the relief of these narts or sections as
I 1 1

ressure-relief devices shall be connected as close as practicable, or direCtly; tg
rts of the system protected. Pressure relief devices shall be connected abg
vel, installed so that they are accessible for inspection and repair, and-arrange
y be rendered inoperative.

the pressure
ve the liquid
H so that they

49.1.7 Fusiple plugs may be located either above or below the liquid refrigerant level.

49.2 Relieflvalves

49.2.1 Prepsure-relief valves shall comply with the requirements of the ASME Boiler and Pressure
Vessel Code, Section VIII. Valves of 1/2 in iron pipe size and larger shall bear the authorized code “UV”
symbol together with the set pressure and capacity..Yalves of less than 1/2 in iron pipe [size shall be
similarly marked, except that where the size does\net permit a nameplate, the code symbol may be
omitted and {he set pressure and capacity may be-stamped on the valve or on a metal plate pttached to it.
Manufacturefs of valves that do not bear the eade symbol shall provide evidence of certification of the
valve and its|pressure and capacity rating by.appropriate code authorities.

49.2.2 Pre
pressure of t

49.2.3 The

ssure-relief valves shall be)set to start to function at a pressure not to excesd
ne parts of the system protected.

marked discharge capacity shall be not less than the minimum required disch

ed the design

arge capacity

specified in the Safety Standard for Refrigeration Systems, ASHRAE 15.

49.3 Fusibje plugsor rupture members

49.3.1 Calgulation of the minimum required discharge capacity and the rated discharge [capacity of a
rUthre memberor-fusible pluy shatt-be-inaceordance-with-the Safcty Standard-forReft ;3UIG ion Systems,
ASHRAE 15.

49.3.2 Fusible plugs and rupture members shall comply with the applicable requirements in the Standard
for Refrigerant-Containing Components and Accessories, Nonelectrical, UL 207.

49.3.3 Rupture members shall have a nominal rated rupture pressure not exceeding the design pressure
of the parts of the system protected.

50 DOT Storage Cylinders

50.1 Removable storage cylinders, which are not ASME marked pressure vessels, that receive the
refrigerant during the recovery operation shall comply with all of the following:
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a) The storage cylinder shall comply with DOT specifications, 49CFR, and have a service pressure
rating of at least 260 psig (1.79 MPa), but not less than 80 percent of the setting of the pressure
limiting device.

b) The

cylinder valve shall comply with the Standard for Cylinder Valves, UL 1769.

c) The pressure relief device shall comply with the Pressure Relief Device Standards — Part 1 —
Cylinders for Compressed Gases, Compressed Gas Association Standard S-1.1.

d) The storage cylinder shall be marked to indicate the first retest date, which shall be 5 years from
date of manufacture. Also the marking shall indicate that retest must be performed every
subsequent 5 years. The

f) Th
adjust

PERFORMA
51
51.1 Tempe

5111 Tem
method may
thermocouple
instruments

thermocouple
Thermocoupl

51.1.2 A thermocouple junction and adjacent thermocouple lead wire are to be securely he

thermal conta
thermal conts
surface is inv

51.1.3 Wh{
heating of el
wires and a

Instrume

storage cylinder shall withstand, without rupture, a pressure of four times t
ble setting of the pressure limiting devices.

CE
ntation
rature measurements

peratures are to be measured by thermocouples, except that the change-
be used to measure the temperature of motor windings or of coils. Se
s are to consist of 24 — 30 AWG (0:21 — 0.05 mm?) wires. The thermocouple
bre to be accurate and calibrated in accordance with good laboratory A
wire is to comply with .the” requirements in the Initial Calibration To
bs table in the Standard for Jemperature Measurement Thermocouples, ISA MG

ct with the surface of the material whose temperature is being measured. I
ct will result from,securely taping or cementing the thermocouple in place, but w
blved, brazing;.or soldering the thermocouple to the metal may be necessary.

n thertmocouples are used in the determination of temperatures in connec
botrical equipment, thermocouples consisting of 30 AWG (0.05 mm?) iron an
botentiometer type of indicating instrument are to be used whenever referee

ct refrigerant

e maximum

in-resistance
e 57.4. The
5 and related
ractice. The
lerances for
96.1.

Id in positive
most cases
here a metal

ion with the
] constantan
temperature

measuremen

s by means of thermocouples are necessary.

51.1.4 When the temperature of a copper motor winding or coil is to be determined by the change-in-
resistance method the following formula shall be used:

In which:

T=@R/r\(k+t)—k

T is the temperature to be determined.

tis the known temperature.

Risth

e resistance in ohms at the temperature to be determined.
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r is the resistance in ohms at the known temperature.

k is 390.0 when using degrees F (234.5 when using degrees C).

51.1.5 When it is necessary to de-energize the winding before measuring R, the value of R at shutdown
is to be determined by taking several resistance measurements at short intervals, beginning as quickly as
possible after the instant of shutdown. A curve of the resistance values and the time is to be plotted and
extrapolated to give the value of R at shutdown.

51.1.6 Except as specified in 51.1.7, during any test in which temperatures are measured, temperatures
shall be monitored until maximum temperatures are attained. Thermal equilibrium is to be considered to
exist when three successive readings indicate the same or decreasing temperatures. Readings shall be
taken at the end of not less than three consecutive periods, the duration of each period beind not less than
5 minutes.

51.1.7 In rgference to 51.1.6, if temperatures on the component being monitored_cycle bgtween higher
and lower temperatures due to the component cycling as part of the test (for €ample a lopd cycling on
and off due [to operation of a protective device), equilibrium is to be considered obtainefd when three
successive peak temperatures indicate the same or decreasing temperatures:

51.1.8 In reference to 51.1.6 and 51.1.7, the recorded temperafure shall be the highest of the three
readings.

51.2 Pressure measurements

51.2.1 Pregsure gauges are to be attached in a mariner that prevents leakage. Special fittjngs for direct
connection tp the system or minimum lengths of 4/8 in (3.2 mm) outside diameter commgrcial capillary
tubing may be employed for gauge connections. {Fhe volume of the pressure-measuring gauge and lines is
to be held to g minimum. All joints in the gauge-system are to be tested for leakage.

51.2.2 Opehning of the gauge line valves-shall not cause a significant change in the electricpl input of the
system.

52 Tests on Nonmetallic Materials
52.1 General

52.1.1 Nonmetallic.materials are to be evaluated as indicated in Table 52.1.

Table 52.1
Tests On Nonmetallic Materials — Based on Nonmetallic Requirements in Section 5.1 and 5.2

Nonmetallic Component Applicable Test Number
A part serving as an enclosure for ignition sources. 12,22 3°or4h 5,6° 79, 8,9, 10, 11, 12, 13, 14
A part serving as a cabinet. Minimum 4", 5,6° 79, 8, 9, 10, 11, 12, 13, 14
A functional part. Minimum 4", 5, 6%, 79, 8, 9, 10, 11
A nonfunctional part. Minimum 4", 8
APPLICABLE TESTS

1. 5in end product flame test.®

2. 5V rated material.f

Table 52.1 Continued on Next Page
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Table 52.1 Continued

Nonmetallic Component Applicable Test Number
3. V-0, V-1, V-2, HF-1, HF-2 rated materials’, 3/4 in End Product Flame Test® or 12 mm End Product Flame Test.®
4. HB or HBF rated material’ or a material with a flame spread rating of 25 or less and a smoke developed rating of 50 or less.9
5. Mold Stress-Relief Test.®
6. Fastener Strength Test, 52.3.
7. Adhesive Test.®

8. Radiant Panel or Surface Burning Characteristic Test® — A flame spread index (FSI) of not more than 200 applies only to parts
forming portions of the eqU|pment exterior surface, including any nonfunctional (e.g., decorative) part if the total area of all external
parts exceeds 10 ft? (0. 93 m ) Wlth respect to ASTM E162 if the Rad|ant Panel Test is conducted and any drlppmg of the

; SreBs gras sufficient

material remains to enable calculatlng the flame spread index.

9. Volume Resitivity Test® — Applies only if electrical spacings between uninsulated live parts and the materiahare I¢ss than
specified in linefvoltage circuits, and extra-low voltage (Class 2) circuits, or if the part is used as indirect suppert of gn uninsulated
live part.

10. High Currerjt Arc Resistance to Ignition Test® — Applies only if the material is used to enclose uniasulated live pafts or to
provide indirect{support of uninsulated live parts. The test does not apply if uninsulated live parts are located a minirhum of 1/32
inch (0.79 mm)[from the part. If applicable, no ignition shall occur to: V-0 materials subjected t10\156 arcs; V-1, V-2, or bV materials
subjected to 30|arcs, or to HB materials subjected to 60 arcs.

11. Hot Wire Ignition Test® — Applies only if the material is within 1/2 in (12.7 mm) of electrically-heated wires or resistors. If
applicable, ignifion shall not occur in less than: 10 s for V-0 materials, 15 s for V-1 ot 5V materials, or 30 s for V-2 or HB materials.

12. Impact Testg® — 5 ft-Ib (6.8 J) impact for enclosures containing uninsulated five and hot parts, 1.5 ft-Ib (2.0 J) impgct for
enclosures confaining moving parts.

13. Crush Resigtance Test® — Only one sample needs to be tested.

14. UV Light Exposure Test® — Applies to equipment intended for outdoor locations and provided with a polymeric cgbinet and/or
enclosure that ¢ould be exposed to sunlight.

& An enclosure|provided with a mechanical barrier interposed between the material and an ignition source will be tegted with the
barrier in place

b A material with a V-2 minimum rating is able to be used.to enclose an ignition source if the ignition source is only gnergized as a
result of a contihuous action by an attending operatof.

¢ Applies to an enclosure, cabinet or functional-part-having ultrasonic welds; heat welds; polymeric screws or nuts; metal screws
threaded into ajpolymeric part, or other means.where degradation of a polymeric material affects securement that culd result in a
risk of electric shock, fire or injury to persens.

4 Applies only if the adhesive is relied-ento maintain the integrity of an enclosure or functional part.

¢ Tested or ratgd as described in UL 746C.

f Tested or ratefi as described.in\UL 94.

9 Tested or ratgd as described-ih ASTM E162 or UL 723.

" These materigls are able to be used if ignition sources are separated or isolated in accordance with Section 5.2.

52.2 Burnouttest— impedance protected motors

52.2.1 An impedance protected motor not provided within an enclosure and located adjacent to
nonmetallic materials other than those rated 5V, shall comply with 52.2.2 or 52.2.7.

52.2.2 There shall be no ignition of cotton surrounding the motor when tested as described in 52.2.3 —
52.2.6.

52.2.3 One sample motor shall be arranged for testing as follows:

a) At least one thermocouple shall be secured to the winding for measurement of the winding
temperature.

b) The rotor shall be locked.
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¢) The motor shall be mounted as intended in use.

d) The motor shall be completely wrapped in dry absorbent surgical cotton.

e) The motor shall be connected to a variable voltage source.

52.2.4 The motor shall be energized at rated voltage and operated until the winding temperature

stabilizes.

52.2.5 The voltage shall be progressively increased in 5 V increments, allowing the winding temperature
to stabilize after each increase in voltage.

52.2.6 Ope
52.2.7 The

52.2.8 The
not be wrapp

Fation of the motor shall continue until burnout occurs.
e shall be no ignition of materials surrounding the motor when tested as ‘describ

test shall be conducted as outlined in 52.2.3 — 52.2.6 with the difference that th
ed in cotton and shall be mounted as intended within a complete unit.

5d in 52.2.8.

e motor shall

52.3 Fasteper strength test
52.3.1 Delgted
52.3.2 In re¢ference to 5.3.1, the tightening torque and pull-off strength of nonmetallic fastgners used as
part of an englosure, cabinet or functional part shall be .notless than 50 percent of the as-recgived value.
52.3.3 Thrge sets of samples, each set consisting-of three specimens, shall be temperatune conditioned
as indicated |n Table 52.2 and Table 52.3.
Table 52.2
Test Specifications
Sample Sgt No. of Samples Test Specifications

1 3 As-received (no conditioning).

2 3 Oven aging — 300 hours at the service temperature plus 18°F (10°[C) but not less
than 158°F (70°C). Service temperature is considered to be the tefnperature
measured during the Temperature and Pressure Test, Section 57.

3 3 Heat cycling — 40 cycles of alternate heating and cooling at the temperatures
specified in Table 52.3. Each cycle is to consist of 4 hours at the upper
temperature-followed-by-4-hours-atthelowertemperature:

Table 52.3
Temperature Cycling Parameters
Location Upper Temperature Lower Temperature
Nonrefrigerated Areas Service temperature plus 18°F (10°C) 77°F (25°C)
but not less than 158°F (70°C)
Refrigerated Area 90°F (32°C) 32°F (0°C)
Low Temperature Area 90°F (32°C) 0°F (minus 17.8°C)
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53 Test Voltage

53.1

supply connections in accordance with Table 53.1.

Unless otherwise specified, all tests are conducted at 60 hz voltages maintained at the equipments

Exception: Equipment rated at other than 60 hz frequency is to be tested at its rated voltage (s) and

frequency(s).

Table 53.1
Test voltages
Nameplate voltage rating Normal test voltage®
110 to 120 120
200 to 208 208
220 to 240 240
254 t0 277 277
440 to 480 480
550 to 600 600
Other Rated
@ These test voltages are nominal for the Condenser Fan Motor Failure Test, Section 60, and Condenser Water Faillire Test,
Section 61.
54 Leakagg Current Test — Cord Connected Equipment
541 The leakage current of cord-connected equipment shall be no more than 0.75 milligmpere when

tested in acca

54.2 Leakd
conveyed beg
conductive sU

54.3 All exp
measured be

a) Eag

rdance with requirements in 54.7 — 54/10.

ge current refers to all currents, including capacitively-coupled currents,

rfaces.

ween the grounded supply conductor and:

h exposedssurface individually,

b) All gxposed-surfaces collectively if the surfaces are simultaneously accessible.

tween exposed conductive ,;surfaces of the equipment and ground or ot

osed conductive surfaces are to be tested for leakage currents. Leakage curre

hat may be
her exposed

nts are to be

Leakage curnents_also are to be measured between simultaneously accessible surfaces. Burfaces are

considered exposed unless guarded by an enclosure providing protection in accordance with 6.3.2 and
6.3.3. Surfaces are considered to be simultaneously accessible if they can be readily contacted by one or
both hands of a person at the same time.

Exception: These measurements do not apply to terminals operating at voltages that are considered to be
extra-low-voltage.

54.4 When a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using metal foil having dimensions of 3.9 by 7.8 in (10 by 20 cm), in
contact with the surface. When the surface is less than 3.9 by 7.8 in (10 by 20 cm), the metal foil is to be
the same size as the surface. The metal foil is not to remain in place long enough to affect the temperature
of the equipment.
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54.5 The measurement circuit for leakage current shall be as shown in Figure 54.1. The measurement

instrument is defined in (a) —

(c). The meter used for a measurement need only indicate the same

numerical value for a particular measurement as would the defined instrument and need not have all of the

attributes of

he defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of
0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 khz, the measurement circuitry |s to have a frequency

a 150
millia

54.6 Unles

meter is to bg¢ connected between the accessible parts and the grounded supply-tonductor.

547 Thee

a) Th
isolat

b) Th
perce

54.8 Thets

54.9 The slipply voltage is to be adjusted tothe voltage indicated in Table 53.1.

54.10 With
as described
position of sy
repeated in t

a) Wi
to be
devic

b) Wi

0 ohm reS|stor shunted by a 0 15 mlcrofarad capaC|tor to 1500 ohms At an |nd|
pere, the measurement is to have an error of not more than 5 percent.

5 the meter is being used to measure leakage from one part of the équipment t

huipment is to be prepared and conditioned for leakage currentmeasurement as

ed from the ground.

e sample is to be conditioned in an ambient temperature of 70 — 80°F (21.1 — 24
nt relative humidity for not less than 8 hours.

st is to be conducted at the ambient conditions specified by 54.7(b).

reference to the measuring.¢ircuit in Figure 54.1, the leakage current test sequ
in (a) — (d) below. If the_compressor stalls during sequence (b) or (c) due to

ne second position-of switch S2.
h switch S1 open, the unit is to be connected to the measuring circuit. The leak
bs successively placed in each mode (on, standby, and the like).

h econtrols set for maximum, switch S1 is to be closed to energize the unit. With

ejmpedance of
cation of 0.75

b another, the

follows:

e grounding conductor is to be open at the attachment plug and the equipinent is to be

5.7°C) and 50

ence shall be
changing the

vitch S2, the sequence is to be conducted in its entirely in one position of switch S2 and then

age current is

measured._using both positions of switch S2 and with manually operated @it switching

in 5 seconds,

leaka

becurrent is to bhe measured ||cing both pneifinne of switch S2 ﬁnlln\/\ling this g

d using both

positions of switch S2, manual switching devices are to be operated as quickly as possible through
all modes, but not in the OFF position, to determine the maximum leakage current condition.

¢) With switching devices set at the position that causes the highest leakage current, the unit is to
be operated continuously until the measured leakage current stabilizes or decreases. Both
positions of switch S2 are to be used.

d) Switch S1 is to be opened to de-energize the unit. Measurement of leakage current is to
continue, using both positions of switch S2, until values stabilize or begin to decrease.
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Figure 54.1

Leakage current measurement circuits
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Product intended for connection to a 120-volt power supply, as illustrated above.
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GROUNDED SUPPLY CONDUCTOR B

Product intended for connection to a 3—wire, grounded neutral power supply, as illustrated above.

LC300J

A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of appliance to another.
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55 Input Test

55.1 The measured ampere input to cord connected equipment shall not exceed the total rating marked
on the equipment nameplate by more than 10 percent when tested as described in the Temperature and
Pressure Test, Section 57.

Exception: For battery-operated equipment, the input is to be measured with the equipment in the
charging mode during the Temperature and Pressure Test after operating for five minutes. The battery is to
be fully discharged in accordance with the battery manufacturer’s instructions at the start of the test.

55.2 The measured input to permanently connected equipment shall not exceed the individual rating of

each load or

tested as des

ercent when

group ofloads or the total rahnn as marked on the hamnnlgfn hy more-than 10

cribed in the Temperature and Pressure Test, Section 58.

55.3 With reference to the requirements of 55.1 and 55.2, the measured ampere’input is to be the
highest valug obtained during refrigerant liquid and vapor recovery/recycling opérations. The power input
of all accessories is to be considered when establishing the minimum marked rating of the equipment.
55.4 With reference to 55.3, the measured ampere input is to be increased for accessible 1p and 20 amp
convenience|outlets connected to the same circuit as the equipment, asfollows:

a) By|80 percent of the receptacle rating if a single receptacle is employed.

b) By[100 percent of the receptacle rating if more than one receptacle is employed.

c) By| 100 percent of the load (s) marked on or adjacent to the receptacle (s) if the|equipment is

markeéd as indicated in 91.12 and is provided with overcurrent protection as spgcified in the

Excepption to 22.2.
56 Starting Test
56.1 The efiuipment shall start and(operate as intended without rupturing a line fuse of the|size required

by the equiprnent.

56.2 The
described in

56.3 For cq
plug. For pe
rating is to

bquipment, with” four fuses connected in series, is to be operated under t
the Temperatureand Pressure Test, Section 57.

rd connected equipment, the fuse rating is to be determined by the rating of th

manently connected equipment protected by a fuse size in accordance with 73.

as'marked on the nameplate. For permanently connected equipment proteg

he conditions

e attachment
.1.4, the fuse
ted by a fuse

sized in acco

rdance with 7314, o starting testis required:

56.4 When no fuse opens, the fuse size is acceptable for starting the equipment. When one fuse opens,
the test is to be repeated using the three remaining fuses. If none of the three opens, the results are
acceptable. when one of the three opens, the results are not acceptable, and the test is to be repeated
using four time-delay fuses of the same rating as the original fuse.

56.5 When it is determined that time-delay fuses are required for starting, the equipment shall be marked
in accordance with 91.16 or 93.2, whichever is appropriate.

56.6 When an automatic-reset thermal protective device interrupts the current flow one or more times
during the test, the equipment shall restart and run after each interruption and shall comply with the fusing
requirements of 56.4 and 56.5.
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56.7 When 15 or 20 amp general purpose receptacles are provided and intended to be connected to the
same circuit as the equipment, the starting test is to be conducted with an additional resistive load
connected to the equipment. The resistive load is to be sized as follows:

a) The load is to be equal to 80 percent of the rating of the receptacle when a single receptacle is
employed.

b) The load is to be equal to 100 percent of the rating of the largest receptacle when more than one
receptacle is employed on the same circuit.

c) The load is to be equal to 100 percent of the load(s) marked on or adjacent to the receptacle(s) if
the equipment is marked as indicated in 91.12 and is provided with overcurrent protection as

specified-inthe Exceptionio22.2.
57 Temperature and Pressure Test
57.1 The temperature rises measured on the electric components and surfaces of the eqliipment shall
not exceed thpse specified in Table 57.1.
Table 57.1
Maximum temperature rises
Degrees
Device or material F (C)
A.  Motors
1. Class A insulation systems on coil windings of a motor having a frame diameter of 7 in (178
mm) or leps?
a. In open motors —
Thermocouple or resistance method 135 (75)
b. In tqtally enclosed motors —
THermocouple or resistance method 144 (80)
2. Class A insulation systems on coil'windings of a motor having a frame diameter of more than 7
in (178mrh)°
a. In open motors —
THermocouple method 117 (65)
Résistance(method 135 (80)
b. In tqtally enclosed motors —
Thermocouple method 126 (70)
Resistance method 144 (80)
3. Class B insulation systems on coil windings of a motor having a frame diameter of 7 in (178
mm) or less
a. In open motors
Thermocouple or resistance method 171 (95)
b. In totally enclosed motors —
Thermocouple or resistance method 180 (100)
4. Class B insulation systems on coil windings of a motor having a frame diameter of more than 7
in (178 mm)
a. In open motors

Table 57.1 Continued on Next Page
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Table 57.1 Continued
Degrees
Device or material F (C)
Thermocouple method 162 (90)
Resistance method 180 (100)
b. In totally enclosed motors —
Thermocouple method 162 (90)
Resistance method 180 (100)
5. Class F insulation systems on coil windings of a motor having a frame diameter of 7 in (178
mm) or lges?
a. In ppen motors —
Thermocouple or resistance method 216 (120)
b. In fptally enclosed motors —
Thermocouple or resistance method 225 (125)
6. Class [ insulation systems on coil windings of a motor having a frame diameter of mere than 7
in (178 njm)°
a. In gpen motors —
Thermocouple method 198 (110)
Resistance method 216 (120)
b. In totally enclosed motors —
Thermocouple method 207 (115)
Resistance method 225 (125)
7. Class H insulation systems on coil windings of a motephaving a frame diameter of 7 in (178
mm) or Ig¢ss?®
a. In gpen motors —
Thermocouple or resistance methaod 243 (135)
b. In totally enclosed motors —
Thermocouple or resistance,method 252 (140)
8. Class H insulation systems 6n'coil windings of a motor having a frame diameter of more than 7
in (178 mm)°
a. In ¢pen motors —
Thermocoupleimethod 225 (125)
Resistancesmethod 303 (168)
b. In totally enclosed motors —
Thermocouple method 234 (130)
Resistance method 252 (140)
9. Class N insulation systems on coil windings of an open or totally enclosed motor®
Thermocouple or resistance method 288 (160)
10. Class R insulation systems on coil windings of an open or totally enclosed motor®
Thermocouple or resistance method 324 (180)
B. Components
1. Capacitors
Electrolytic type® 72 (40)
Other types ¢ 117 (65)

Table 57.1 Continued on Next Page
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Table 57.1 Continued

Degrees
Device or material F (C)
2. Field wiring® 63 (35)
3. Fuses
a.ClassCC,G,J,Land T
Tube 180 (100)
Ferrule or blade 153 (85)
b. Other classes® 117 (65)
4. Compr§ssor motor enclosure 302 (150)
5. Relay, $olenoid, and other coils (except motor coil windings)®
a. Clags 105 insulation —
THermocouple method 117 (65)
Résistance method 153 (85)
b. Clags 130 insulation —
THermocouple method 153 (85)
Résistance method 189 (105)
c. Clags 155 (F) insulation —
Thermocouple method 198 (110)
Résistance method 217 (121)
d. Clags 180 (H) insulation —
THermocouple method 225 (125)
Résistance method 243 (135)
e. Clags 200 (N) insulation —
THermocouple method 243 (135)
Résistance method 279 (155)
f. Class 220 (R) insulation —
Thermocouple method 279 (155)
Résistance method 315 (175)
6. Solid cpntacts 117 (65)
7. Transfgrmer enclosure — with
a. Clags 2 transformers 108 (60)
b. Power trarsformers 17 (65)
8. Wood or other flammable materials 117 (65)
C. Insulated conductors
1. Flexible cords and wires with rubber, thermoplastic or neoprene insulation unless recognized
as having special heat-resistance properties as follows:
Temperature rating
°F ¢C)
140 (60) 63 (35)
167 (75) 90 (50)
176 (80) 99 (55)
186 (90) 117 (65)

Table 57.1 Continued on Next Page
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Table 57.1 Continued
Degrees
Device or material F (C)
221 (105) 144 (80)
D. 1. Surfaces of equipment at points of zero clearance to test enclosure 117 (65)
2. Surfaces of equipment contacted by persons in operating it (control knobs, pushbuttons, levels,
and the like)
Metal 81 (35)
Nonmetallic 108 (60)
3. SuﬁaW‘ joctod-to-casual-contasct-by-p {ensclosurergrile—and-the-ike)
Metal 81 (45)
Nonnjetallic 117 (65)
4. Surfades of test enclosure where clearance to flammable material is specified 117 (65)
E.  Electrica| insulation — general
1. Fiber ysed as electrical insulation or cord bushings 117 (65)
2. Phendlic composition used as electrical insulation or as parts where deterioration willresult in a 225 (125)
risk of el¢ctric shock or fire
3. Thermpplastic material. Rise based on temperature limits of material - -
@ Thermocouple applied directly to the integral insulation of the coil conductor.
® Thermocouple applied as in item a or applied to conventional coil wrap.
¢ For an electrglytic capacitor which is physically integral with or attachedto"a motor, the temperature rise on insulating material
integral with the capacitor enclosure may be not more than 117°F (65°C).
4 A capacitor that operates at a temperature higher than 65°C (117°F) rise may be judged on the basis of its marked temperature
rating.
¢ A temperaturg rise of no more than 90°F (50°C) is acceptable in the terminal box or wiring compartment of equipnment that

requires suppl
or its equivaler

fMaximum — n

9 Includes botH

conductors with an ampacity of more than 100 amp if the equipment is clearly marked with the follo|
t: “For supply connections, use AWG or larger wires acceptable for at least 167°F (75°C).” Seq

pt rise, see also item A in table for.other than hermetic compressors.
casing and ferrule or blade.

wing statement
10.2.2.

57.2 Them
be used as g

57.3 Comp
test without |

aximum pressure_developed in a refrigeration system, including equalization p
basis for the Strength Test — Pressure Containing Components, Section 76.

fipping-any protective device in the circuit.

essures shall

ressor motors shall operate continuously under the conditions of the temperature-pressure

574 Thee

by ant ic tn ha fittaA v ith ~racoiirn oA n Al tha hish nhd Inu: aidac Thae

B o
CTPTCTTOrotO o Uit ProoosurcgaougC s ormCTmgr—art OW=oTaGC ST 11T

ocouples are

to be secured to electrical components, such as the compressor motor windings, starting-relay coil,
capacitors, and wiring insulation, and to surfaces as indicated in item D of Table 57.1. The temperature of
motor windings or of coils may be measured by the change-in-resistance method, but the primary method
of temperature measurement is to be the thermocouple method. The electrical input is to be measured
with a voltmeter and an ammeter.

57.5 The equipment is to be installed in accordance with the manufacturer's instructions, see 94.1 and
94.2, and operated under the conditions specified in 57.7 — 57.9, as applicable. The test potential is to be
as indicated in Table 53.1.

57.6 When the wiring to a general purpose receptacle does not comply with the requirements of 12.1.11,
a resistive load is to be connected to the receptacle circuit during the test and the temperature of the wiring
insulation measured. The resistive load is to be sized as described in 56.7 (a), (b) or (c).
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57.7 The equipment is to be placed within a room maintained at 104°F (40°C) until the assembly reaches
room temperature.

57.8 Other electrical loads, that may operate concurrently with the compressor are to be energized
during the test. Equipment is to be tested in the following applicable manner. The test sample is to be
connected to a supply of liquid refrigerant greater in volume than the storage section of the
recovery/recycling equipment. The test sample is to be started and operated recovering liquid refrigerant
until temperatures and pressures have stabilized or until the equipment storage section(s) are filled in
accordance with 45.1. The test is repeated with the equipment connected to recover vapor refrigerant. The
potential is to be maintained as indicated in Table 53.1. The electrical input, the temperature of electrical
components and surfaces, and high- and low-side pressures are to be recorded at intervals during the
test. When applicable, the test shall be repeated using different refrigerant types to obtain maximum
pressures anfl temperatures. When the equipment is provided with an integral means of throftling, manual
throttling of rgfrigerant during this testing procedure can be conducted.

57.9 For thd
80°F (26.7°
temperature
inlet water an

57.10 Equig

test of equipment of the water-cooled type, the condenser water flow’is to be 1
C) inlet and 100° F (37.8° C) outlet temperatures. When the outlet“water ca
bf 100°F because of product design considerations, the equipment is to be te
d 35 psig (241 kPa) nominal pressure.

ment intended only for automotive applications shall be evaluated in accordan

naintained at
hnot attain a
sted at 80°F

te with either

57.1 — 57.9 of the applicable requirements in SAE J1991, SAE J2099, or SAE J2209.

57.11 |In ref
J2209 in lieu

brence to 57.10 if the equipment is subjected to the tests in SAE J1991, SAE J2
pf Table 57.1 — 57.9, then:

P099, or SAE

a) The
shall b

maximum pressures developed in therefrigeration system, including equalize
e used as the basis for the Strength Jest in Section 76; and

d pressures,

b) A motor-compressor shall operate’continuously without tripping any protective glevice in the
circuit

5712 The
test.

quipment shall comply with the Dielectric Voltage-Withstand Test, Section 59, following this

58 Tests fof RefrigerantHoses

h automotive
to the tests

58.1 Reinfofced rubber and reinforced thermoplastic hose, or hose assemblies for use wit
refrigerant refovery/recycling or automotive extraction only equipment shall be subjected
specified in T?ble 58.1 and 58.3 and 58.7 — 58.12 or evaluated in accordance with SAE J2196,.

58.2 Reinforced rubber and reinforced thermoplastic hose or hose assemblies for use with non-
automotive refrigerant recovery/recycling equipment, shall be subjected to the tests specified in Table 58.1
and 58.4 and 58.7 — 58.12.

58.3 REFRIGERANT EXPOSURE TEST - Three 18 in (457 mm) long samples of the hose assembly
are required for this test. The inner tube is to be exposed to a refrigerant/lubricant mixture for 30 days at a
temperature of 176 +4°F (80 +2°C). After the exposure, one of the hose assemblies is to be subjected to
the pull test specified in 58.11. The remaining two samples shall withstand without failure, the pressure
indicated in the Strength Tests — Pressure Containing Components, Section 76.

58.4 REFRIGERANT EXPOSURE TEST - Three 18 in (457 mm) long samples of the hose assembly
are required for this test. The inner tube is to be exposed to a liquid refrigerant and refrigerant/lubricant
mixture for 30 days at a temperature at least 18°F (10°C) above the maximum temperature measured
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during the temperature-pressure test in Section 54 but not less than 176 +4°F (80 £2°C). After exposure,
one of the hose assemblies is to be subjected to the Pull Test specified in 58.11. The remaining two
samples shall withstand without failure the pressure indicated in the Strength Tests — Pressure Containing
Components, Section 76. See 58.5 for fill limits.

58.5 Each sample hose assembly subjected to the test specified in 58.3 and 58.4 shall not be filled more
than 70 percent full by volume with a mixture of 95 percent refrigerant and 5 percent refrigerant lubricant at
70°F (21°C).

58.6 When exposed as specified in 58.3 and 58.9, the hose assemblies subjected to the pull test shall be
subjected to a pull test using the test methods and apparatus described in Standard Test Methods for

Rubber Hos

ASTM D380

58.7 HYDH
pressure ind

58.8 THERMAL CYCLING TEST — Two sample hose assemblies are to be.placed in an

oven mainta
allowed to cd
+5°F (minus
be repeated
pressure ind

589 OILA
168 hours. F
without failun
76.

58.10 VIBR
connected tg
+5°F (25 +3
vibration sha
or failure.

58.11 PULL
of 1.0 in per
apart. Startin
pulls apart. T|

cated in the Strength Tests — Pressure Containing Components, Section 76.

ned at 176 £+5°F (80 £3°C) for 23 hours. Each hose assembly is then to be
ol to to 77 £5°F (25 £3°C) for 1 hour. Each hose is then placed)in a cold chambeg
30 £3°C) for 23 hours and allowed to return to to 77 £5°F (25 +3°C) for 1 hour. 1

cated in the Strength Tests — Pressure Containing Gomponents, Section 76.

[GING TEST — Three hose assemblies shall besimmersed in IRM 903 oil at 176
bllowing this test, the hose shall be subjectedito the pull test specified in 58.11 4
e, the pressure indicated in the Strength“Tests — Pressure Containing Compor

ATION TEST - A single samplechose assembly shall be mounted to a vibration

C). The amplitude of vibratien shall be 0.125 +0.06 in (3.18 £1.5 mm) and the
[ be 1000 +20 vibrations\pér minute. The test shall be conducted for 30 hours w

| TEST — The hose assembly shall be mounted to a test apparatus having a cros
min to determine the force necessary to separate the hose from the fitting or to
g from z€ro;the force shall be gradually increased until the fitting separates an
he foree.measured shall not be less than 120 Ib.

ROSTATIC STRENGTH TEST — The hose assembly shall withstand, without failure, the

air circulating
removed and
r at minus 22
'he cycle is to

five times. Following this test, the hose assemblie§/ shall withstand, witholit failure, the

°F (80°C) for
nd withstand,
ents, Section

machine and

an air line maintained at 50 £5 psig (345 £35kPa). The room ambient temperatire is to be 77

frequency of
th no leakage

bshead speed
pull the hose
d/or the hose

Table 581
Hose applications

Tests Automotive Only?

Non-Automotive

Oil Aging
Vibration
Pull

30 Day Refrigerant Exposure®

30 Day Refrigerant Exposure® © ¢
Hydrostatic Strength

Thermal Cycling

X

X X X X X

X X X X X X

Table 58.1 Continued on Next Page
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Table 58.1 Continued

Tests Automotive Only?

Non-Automotive

Permeation X X

@ Hose assembly can be evaluated in accordance to SAE J2196 in lieu of the tests outlined in Table 58.1.
b Test conducted with each refrigerant and refrigerant lubricant mixture intended for use with the hose assembly.

54) but not less than 176°F (80°C).

barb fittings or other hose connections if the hose itself has been subjected to the 30 day refrigerant exposure test.

¢ Test conducted at a temperature at least 18°F (10°C) above the maximum temperature during Temperature-Pressure Test (Sec.

4 Exception — A 7 day refrigerant exposure test may be conducted on the hose assembly to evaluate alternate crimping methods,

58.12 PERME? S Wi Otiv
recovery/recylcling equipment shall not permit effusion of refrigerant at a rate greater than2.0
kg/m?/yr). Hdse and hose assemblies for use in other than automotive refrigerant recoV
equipment sHall not permit effusion of refrigerant at a rate greater than 8 Ibs/ft?/yr,(39.2 kg

tested at 120 ¢4°F (49 £2°C) as specified in 58.13 — 58.18.

UIN — [0Se dlld 0S€C eITIDIeS 10 USe dUlO

58.13 The gpparatus required consists of canisters with internal volumes.ef,at least 29 to 3

=)

e refrigerant
Ibs/ft?/yr (9.8
ery/recycling
m?/yr) when

2in% (475 to

525 cm?®) and a 3000 psig (21 MPa) minimum burst pressure with approptiate fittings to connect to the

hose assemlflies, halogen detector, circulating air oven capable of maintaining uniform test
throughout the test periods, and a weighing scale capable of mass.measurements to 0.1 g ac

temperature
curacy.

58.14 Four|hose assemblies, having a free hose length of d:meter are to be tested. Thre¢ of the hose

assemblies shall be used for determining the loss of refrigerant and the fourth assembly shall
empty plugged blank to be used as a means of determining’the mass loss of the hose body al

58.15 The ffee length of hose in each assembly is,;to be measured at zero gage pressure t
0.04 in (1 mm). Each of the four hose assemblies is to be connected to a canister and ob
mass of each|test unit including end plugs to'the nearest 0.1 gram.

58.16 Threg of the test units are to beNoaded with 0.6 milligram of liquid refrigerant per cu
of each test Unit's volume to a total variance of +5 grams. The loaded test units are to be ch
halogen detegtor at a sensitivity«of 4 Ib per 40 years (11 g per year) to be sure that they do
suitable methpd for loading may be used.

58.17 The three loaded-and one blank test units are to be placed in the air oven at the

be run as an
bne.

D the nearest
tain the total

Dic millimeter
ecked with a
not leak. Any

specified test

temperature fopr a periodhof 30 5 min to drive off surface moisture. The hoses are not to be bgnt in a curve

with a diameter smaller than 20 times the outside diameter of the hose while in the oven. Th
units are to be checked for leakage and all test units weighed not less than 15 min or morg

e loaded test
than 30 min

afterremova| Qm ne Qven ne ma o he obtained and recorded g he original ma

58.18 The test units are to be placed back in the air oven at the specified temperature for 24 hours. At
the end of the 24 hour period, the test units are to be removed, weighed in the same manner as previously
specified, and returned to the oven. When a loss of 20 g or more occurs, discontinue the test, check for
leaks, and repeat test procedure.

58.19 The first 24 hour period is considered the preconditioning period. The mass loss during this period
is to be disregarded in final calculations. Seventy-two hours after the preconditioning weighing, the
samples are to be weighed in the same manner as previously described. The 72 hours mass loss is to be
calculated. The effusion rated is to be determined by subtracting the corresponding mass loss of the blank
from that of the loaded test unit. The effusion rate is to be expressed in kg/m?/yr or pound per square foot
per year. The rate of loss of refrigerant mass for the loaded test units is calculated as follows:
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p_|U=B) _(C-E)| K
A L, |D

In which:
A is the initial mass after preconditioning period of loaded test unit, g.

B is the final mass after 72 hour period of loaded test unit, g.

C is the initial mass after preconditioning period of blank test unit, g.

D iS t [+4 IlUIIIiIldI' I'IUOU I‘Ilbl‘u‘b' U’l‘dlllcl‘b'l, ITIrrr.
E is the final mass after 72 hour period of blank test unit, g.
Kis 38.7

R is the rate of refrigerant mass loss, kilograms per square meter (inner tube ared of free hose
length) per year.

L, is the free hose length (between hose fittings) of loaded test unit, m.

L, is the free hose length of blank test unit, m.

Or in which:
D is the nominal hose inside diameter, inch.

Kis 12.3

R is the Rate of refrigerant mass loss,\pounds per square foot per year.
L, is the Free hose length of loaded test unit, inch.

L, is the Free hose length of blank test unit, inch.
59 Dielectiic Voltage-Withstand Test

59.1 The equipmentshall withstand, without breakdown, the application of a test potential gf 1000 V plus
twice rated vpltage-applied for 1 minute between high-voltage live parts and dead metal part§ and between
live parts of high- and extra-low-voltage circuits. The test potential shall be at any frequency between 40
and 70 hertz

Exception No. 1: The test potential for motors rated at not more than 1/2 horsepower (373 W output) shall
be 1000 V.

Exception No. 2: If the steady-state voltage developed in a motor circuit through the use of capacitors
exceeds 500 V, as measured during the temperature and pressure test, the test potential for the parts
affected shall be 1000 V plus twice the developed capacitor voltage.

Exception No. 3: If agreeable to all parties concerned, the test potential may be a direct-current (dc)
potential as specified in , Condition A and applied for 1 minute.

59.2 Equipment employing an extra-low-voltage circuit shall withstand, without breakdown, the specified
test potential applied for 1 minute between extra-low-voltage live parts and dead metal parts. The test
potential shall be:
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a) A dc potential of 700 V; or
b) An ac potential of 500V at any frequency between 40 and 70 Hz.

59.2.1 Inreference to 59.2, if components specified in 42.3 are employed in the extra-low-voltage circuit,

the dielectric voltage-withstand test, shall be:

a) Conducted on the components with the dielectric potential applied between live parts of opposite
polarity; or

b) Separately conducted on the components.

59.3 In ref
conducted on
layer.

59.4 A 500
varied, isto b
gradually fron

Exception: TH
equipment m

59.5 When
from line to e

maintained, the capacitors and capacitor-type filters may be tested as described in 59.6.

59.6 The c4g
test potential
voltage for eq
min without b

59.7 Comp
resistors for
disconnected

60 Condenser Fan Motor Failure Test

60.1
indicated in (a

Equipfnent 'shall not leak refrigerant nor develop pressures or temperatures in exc

ETENCE 10 59.2.1, e &St Detween exira-low-voltage parts of OpposIte pols
magnet coil windings of the transformer after breaking the inner coil lead wherg

VA or larger transformer, the output voltage of which is essentially_sinusoida
e used to determine compliance with 59.1 and 59.2. The applied'potential is to
n zero until the required test value is reached and is to be held-at that value for 1

e requirement of a 500 VA or larger transformer can be‘waived if the high pof
hintains the specified high potential voltage at the equipment during the duration

he charging current through a capacitor or capacitor-type filter connected acrog
Arth ground, is large enough so the required.alternating-current test potential is

pacitors and capacitor-type filters mentioned in 59.5 are to be subjected to a
of 1414 V for equipment rated 250 V or less or 1414 V plus 2.828 times the
uipment rated at more than 250.V. The direct-current test potential is to be ma
reakdown.

bnents providing a d. c. path in parallel with the insulation to be tested, such

filter capacitors and" voltage limiting devices (transient voltage suppresso
during the test,

»and (b), when the condenser fan motor locks or fails to start.

rity shall be
it enters the

and can be
be increased
minute.

ential testing
of the test.

s the line, or
unable to be

lirect-current
rated circuit
ntained for 1

as discharge
rs), may be

ess of those

a) The maximum high- and low-side pressures are to be recorded as reference values for
requirements of the Strength Tests — Pressure Containing Components, Section 76. An assembly
employing a pressure-limiting device complying with 48.2 is considered to comply with the high-
side pressure requirement.

b) The maximum temperature of the compressor enclosure of the fan motor winding (open type) or
of the fan motor enclosure (enclosed type) shall not exceed 302°F (150°C). Motors equipped with
thermal protective devices as specified in Motors and Motor Overload Protection, Section 18, are
considered to comply with this requirement.

60.2 A sample of the assembly is to be fitted with pressure gauges on the high- and low-pressure sides
of the refrigerant system and provided with thermocouples on the compressor enclosure and condenser
fan motor winding (open type) or condenser fan motor enclosure (enclosed type). The low-side pressure is
to be recorded both during operation and after shutdown. When the equipment is provided with means to
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relieve discharge pressure into the low side of the system, the low-side pressure is to be recorded while
the compressor is operating, this relief means is open and the low-side pressure is increasing, and after
shutdown of the compressor.

60.3 The equipment is to be operated with the condenser fan motor locked until stabilized temperatures
and pressures are reached. The compressor motor overload device the fan motor overload device, or
both, may operate during this test.

60.4 The ambient air temperature is to be 77°F (25°C). The test potential is to be maintained as indicated
in Table 53.1. When two or more condenser fan motors are employed, the test is to be conducted with one
motor locked.

61 Condenser Water Failure Test

61.1 During failure of the cooling water supply, water-cooled equipment shall not lleak refrigerant nor
develop pressures or temperatures in excess of those indicated in (a) and (b), ner-shall elecfrical parts be
damaged.

a) THe maximum high- and low-side pressures are to be recorded as referenge values for

requifements of the Strength Tests — Pressure Containing Components, Section 76.

b) The maximum temperature of the compressor enclosuré ‘shall not exceed 302°F (1
the compressor is equipped with a thermal protective_device(s) as specified in Motq
bad Protection, Section 18, this temperature measurement may be waived.

50°C). When
rs and Motor

61.2 A sample of the assembly is to be fitted with prgSsure gauges on the high- and low-pressure sides

of the refriggrant system and provided with thermagouples on the compressor enclosure.
pressure is 1o be recorded as specified in 60.2.@he equipment is to be operated with th
water shut off and also with the condensing water restricted until maximum stabilized tem
attained or pntil representative maximum*temperatures are attained under cycling loa

The low-side
e condensing
peratures are
d. When the

equipment gycles on a motor-overload-protective device, the test is to continue until the maximum
pressure is pbtained. The room ambient is to be 77°F (25° C). The potential is to be maintained as
indicated in Table 53.1.

61.3 When a pressure-limiting device is provided, the test need not be conducted [to determine
compliance with 61.1. The maximum cutout pressure to which the pressure-limiting device may be readily
adjusted by the adjusting'means provided shall be employed in determining compliance with 51.1.

62 Rain Te

t

ting a risk of

62.2 The equipment is to be installed in accordance with the manufacturer's instructions and subjected
to the rain exposure under conditions most likely to cause entrance of water into or onto the electrical
components. The duration of exposure is to be 1 h with the equipment on and 1 h with the equipment off.

62.3 The rain test apparatus is to consist of three spray heads mounted in a water supply pipe rack as
shown in Figure 62.1. Spray heads are to be constructed in accordance with the details shown in Figure
62.2. The water pressure for all tests is to be maintained at 5 psig (34 kPa) at each spray head. The
distance between the center nozzle and the equipment is to be 5 ft (1.5 m). The equipment is to be brought
into the focal area of the three spray heads in such a position and under such conditions that the greatest
quantity of water will enter it. The spray is to be directed at an angle of 45 degrees to the vertical toward
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the louvers or other openings closest to current-carrying parts. The equipment is to be operated so that
electrical components are energized.

62.4 Following the rain test exposure, the equipment shall have an insulation resistance of not less than
50,000 ohms measured between current-carrying parts and noncurrent-carrying parts, and shall withstand
the Dielectric Voltage-Withstand Test, Section 59.

62.5 At the conclusion of the test there shall be no evidence of the entrance of water into enclosures
above the lowest live part or in wetting live parts, except as follows:

a) Motor windings may be judged on the basis of the insulation resistance (see 62.4) and by the
Dielectric Voltage-Withstand Test, Section 59, when the motors are within the outer enclosure and
are shjelded from openings in the top of the outer enclosure.

b) Water may enter an enclosure above the lowest live electrical part when thepoint ¢f entrance is
not in proximity to live electrical parts and live parts are not wetted during the rain expgsure.
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Figure 62.1
Rain-test spray-head piping
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Figure 62.2
Rain-test spray head

ASSEMBLY?
P .

BODY

38-1/2 1/2" TAPERED PIPE
THREAD -

ANSI/ASME B1.20.1

i

N !
i |

/7
(MIEX.) & __I

H (DRILL THRU)

45° COUNTERSINK —

N (MAX.)
S (DEEP) SHOES T (ORLTHRU)
)

R (DRILL TO DEPTH
L (

—

1
P (1) ", REQURED FOR THROAT)
l N\ P V (HEX. OR ROUND
L — g
—ule BAR STOCK)
U (DRILL THRU) =L ‘
J

3 — SQUARE SECTION SLOTS - W WIDE x G DEEP - SPACE 120° -
60° HELIX\~.LEADING EDGES TANGENT TO RADIAL HOLES

RT100C

Item in (mm) Item in (mm)
1-7/32 (31.0) N 1/32 (0.80)
B 7/46 (11.0) P 575 (14.61)
c 9/16 (14.0) 576 (14.53)
D 578 (14.68) Q 453 (11.51)
.580 (14.73) 454 (11.53)
E 1/64. (0.40) R 1/4. (6.35)
F ¢ c S 1/32 (0.80)
G .06 (1.52) T (No. 35)° (2.80)
H (No. 9)° (5.0) U (No. 40)° (2.50)
J 23/32 (18.3) V 5/8 (16.0)
K 5/32 (3.97) W 0.06 (1.52)

L 114 (6.35)

M 3/32 (2.38)

@ Nylon Rain-test spray heads are available from Underwriters Laboratories

PANSI B94.11M, Drill Size

¢ Optional — To serve as wrench grip.
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63 Stability Test

63.1 Equipment shall not overturn when tested in accordance with 63.2 and 63.3. Equipment having a
supporting base such that both the width and depth dimensions are greater than the height is considered
to comply with the requirement.

63.2 Freestanding equipment is to be supported by the legs, leveling screws, or casters provided in its
base. Other means of support, such as conduit connections are not to be relied on during the test. The
equipment is to be tested either empty or full, whichever results in the more severe test. Equipment shall
not overturn under the conditions specified in (a) and (b):

a) Equipment:

b) Eq
horizd
equip

that the tendency to overturn is maximum.

1) With service doors, covers, and panels closed, is to be placed on a plane sy
at an angle of 10 degrees with the horizontal. Accessories intended-for
equipment are to be installed. Swivel-type casters, if any, are to_be oriente
tendency to overturn is maximum, or

2) Weighing 50 Ib (22.7 kg) or more with accessories installed, is to be
horizontal surface. When leveling screws are provided, they are to be adjus
raise the equipment 1 in (25.4 mm) above the floor level. When swivel-typ
provided, they are to be oriented so that the tendércy to overturn is max
equal to one-fourth the weight of the equipmentybut not exceeding 50 Ib (2
applied horizontally at the vertical centerline 0f any side of the equipment
points, not to exceed 5 ft (1.5 m) above floorilevel, with all doors closed.

uipment weighing 50 Ib (22.7 kg) or more ‘with accessories installed, is to bq
ntal surface. When leveling screws are:provided, they are to be adjusted equal
ment 1 in above floor level. When swivel type casters are provided, they are to &

1) For a drawer or horizontally-hinged door that swings downward and that prg
to the product storage,;compartment, a force equal to one-fourth the
equipment, but not exceeding 50 Ib (223 N), is to be applied vertically dow
center of the outermost edge of the drawer or door with the drawer or door
maximum.

2) For otherhinged doors, a force equal to one-fourth the weight of the equip
exceeding 35 Ib (156 N), is to be applied vertically downward at the edgt
farthest‘from the hinges with the door opened at an angle of 90 degrees to th
eguipment with three or more doors, every other door is to be opened and the
applied to the one door that would result in the maximum tendency of the

rface inclined
use with the
d so that the

placed on a
ed equally to
e casters are
um. A force

), is to be

i
;]; N
t the highest

placed on a
ly to raise the
e oriented so

vides access
veight of the
nward at the
opened to its

ment, but not
e of the door
b cabinet. For
force is to be
equipment to

overturn. If it is provided with tiers of doors, only every other door in one tier is to be opened.

63.3 When the manufacturer provides hardware for securement of the unit, the unit is to be installed in
accordance with the manufacturer's instructions and tested with the hardware in place.

64 Strain Relief Test

64.1

The strain relief means provided on a power supply cord, including that for an externally-mounted

accessory, and wiring exposed to the equipment user, shall withstand a direct pull of 35 Ib (156 N) applied
to the cord or wiring without such movement of the cord or wiring as to indicate that stress would be
transmitted to internal connections and wiring.

64.2 The strain relief means provided on leads intended for connection of field-installed supply
conductors and power supply conductors of internally-mounted accessories shall withstand a direct pull of
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20 Ib (89 N) applied to the conductors without such movement of the cord or wiring as to indicate that
stress would be transmitted to internal connections and wiring.

64.3 A 350r201Ib(15.9 or 9.1 kg) weight is to be suspended on the cord or wiring and supported by the
equipment so that the strain relief will be stressed from any angle permitted by the design of the

equipment. The load is to be applied for 1 min.

65 Burnout Tests — Electromagnetic Components

65.1

equipment presents a risk of fire or electric shock.

An electromagnet operator (solenoid) shall be subjected to a burnout test to determine when the

Exception Ng.

controller, or
requirements

Exception No
in extra-low-v

65.2 A risk
equipment or
arisk of fire d

65.3 A risk
than 50,000 g

65.4 The tg
equipment is
conductor in

1: This requirement does not apply to an electrically operated valve,ma
a similar component incorporating an electromagnet and complying Withy th
for the component.

2: The determination of a risk of electric shock may be waived far-electromag
pltage circuits.

of fire is considered to exist if there is any emission @ flame or molten m
a glowing or flaming of flammable material. Opening,efthe supply circuit fuse is
bes not exist.

of electric shock is considered to exist if the insulation resistance of the equip
hms.

gnetic motor
e applicable

het operators

ptal from the
acceptable if

ment is less

sts are to be conducted with the camponent installed as intended in the eqlipment. The

to be connected to a supply cireuit maintained as indicated in 53.1. Each
he supply circuit is to be provided with a fuse of the maximum rating that may

cord connect
plug, except

bd equipment, the supply cireuit fuses are to correspond with the rating of th
hat 20 amp is to be the minimum fuse size for equipment rated 150 V or less.

ungrounded
be used. For
p attachment
The test is to

be conducted with the component:

a) Continuously energized until the ultimate result is determined if this condition could exist due to

malfunction of a single switch or controller, and

b) Blogked in the-position assumed when it is de-energized and then energized cont
the ulfjmate result is determined.

nuously until

66 Burnouf Test — High-Voltage Transformers

66.1 There shall be no emission of flame or molten metal from the equipment enclosure when a high-
voltage transformer is operated under the conditions described in 66.2 and 66.3.

Exception: This test does not apply to a high-voltage transformer that is provided with thermal overload
protection of other than the nonrenewable thermal cutoff type (see 25.1.2.1) or that is protected by an
overcurrent device(s) in accordance with the requirements in 25.1.3.1.

66.2 Three samples of the transformer are to be operated continuously at the normal test voltage
indicated in Table 53.1 and rated frequency with the enclosure grounded. The test ambient temperature is
to be 77° F (25° C) and operation is to be continued until constant temperature is indicated by a
thermocouple on the enclosure or until burnout occurs. The circuit on which the transformer is tested is to
be protected by fuses rated not less than that required for the equipment.
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66.3 Except as specified in 66.4, a resistance load that provides the highest of the current values
specified in (a) — (c) shall be connected to the transformer output terminals. The load shall be readjusted
to the specified value after 2 min of operation, if necessary, with no further readjustment during the test.

a) Three times the full rated transformer secondary current; or

b) The motor locked-rotor or maximum operating current plus any additional loads for any
transformer supplying a motor with or without additional loads; or

¢) The sum of inductive load currents (other than a motor), such as the coils of relays, solenoids,
and the like, with the armature of the largest inductive load blocked open, for any transformer
supplying inductive loads.

66.4 Asan
circuited. Un
secondary cl

alternate to conducting the test in 66.3, the output terminals of the transformer shall be short-
Her these conditions, the current in the output circuit shall be less than ¢hree times the rated
rrent.

67 Burnout Test — Electric Heater

67.1 Opergtion of an electric heater shall not result in a risk of fire or electric shock.
67.2 A risk

glowing or fl3

of fire is considered to exist if there is emission.of\flame or molten metal frgm the unit or

ming of flammable material.

67.3 A risk
50,000 ohmg.

of electric shock is considered to exist.if.the insulation resistance of the unit is less than

67.4 Openi
exist. If the h
to function in

hg of a sheath-type heater element.is acceptable if the risk of fire and electric shock does not
eater element opens, three samples are to be tested to determine that the heatg¢r is designed
this manner.

67.5 The 4
specified in T

mbient air temperature is’to be 77°F (25°C). The heater is to be energized at the voltage
able 53.1.

67.6 When
cycle until
insulation, el
attained. Wh

an automatic-reset temperature-limiting control is employed, the control is to
bpresentatiVes maximum temperatures of components and materials, such

pctrical insulation, thermal insulation, and flammable materials near the heate
En a.manual-reset temperature-limiting control is employed, the test is to termir

be allowed to
as conductor
r element are
ate when the

device openg the.heater circuit. All other controls are to be shunted out of the circuit.

Exception: This test need not be conducted if the temperature-limiting control is calibrated to open the
circuit at a temperature of 77°F (25°C) or less.

67.7 When a replaceable thermal cutoff is employed, the test is to be conducted five times using a
different sample of the thermal cutoff for each test. The thermal cutoff shall open the circuit as intended
without causing the short-circuiting of live parts and without causing live parts to become grounded to the
enclosure. During the test, the enclosure is to be connected to ground through a 3-amp fuse, and any
thermally operated control devices in the heater circuit, other than the thermal cutoff, are to be shunted out
of the circuit. The 3-amp fuse shall not open during the test.
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68 Burnout Tests — Extra-Low Voltage Transformers

68.1

The unit shall not emit flame or molten metal or become a risk of fire, electrical shock, or injury to

persons — see 68.3 — when subjected to the tests specified in 68.2 — 68.10. Separate samples may be

used for cond

ucting these tests.

68.2 Following each test, a dielectric voltage-withstand test specified in Section 59 is to be conducted.

Exception: More than one abnormal test may be conducted on a sample, and the dielectric voltage-
withstand test may be conducted after completion of all abnormal tests.

68.3 Arisk gffire;etectric-shockorinjury-to-personsis—consideredtoexistift—————————

a) Fla
ignitio

b) Th
acces

and M
68.4 During
A single laye

untreated cotton cloth running 14-15 yards per pound (28-30.m?/kg), and having, for any s

count of 32 th

Exception Ng.

covered with

Exception Ng
ventilating op

Exception Noj

a) Loy
Transf

N, glowing, or charring of the cheesecloth or tissue paper.

a)

-

insulation breaks down when tested in accordance with 68.2)0r live par
Sible (see Protection of Users — Accessibility of Uninsulated Live*Parts, Film-
pving Parts in the Standard for Uninterruptible Power Systems; UL 1778).

these tests the unit is to be placed on a softwood surface covered with a white
of cheesecloth is to be draped loosely over the entire ‘enclosure. The cheese

reads in one direction and 28 in the other direction:

1: Units not having any bottom openings need not be placed on a softy
lissue paper.

. 2: When it is impractical to drape the entire unit, cheesecloth may be placed|
2Nings.

3: A transformer complyihg with the requirements in either of the following stan

y Voltage Transformers — Part 1: General Requirements, UL 5085-1, together
lormers — Part 3= Class 2 and Class 3 Transformers, UL 5085-3,

b) Tr
Appli

68.5 For a|portable unit having supporting feet made of rubber or neoprene material, {

nsformersyahd Motor Transformers for Use in Audio-, Radio-, and Tel
ces, ULN\1411.

me, burning oil, or molten metal is emitted from the enclosure of the unijt\as ¢videnced by

s are made
Coated Wire,

tissue paper.
cloth is to be
juare inch, a

ood surface

only over all

dards:

Low Voltage

bvision-Type-

he rubber or

ialiota bk ey 2| H ot t +
neoprene mGlUIIaI 10 U VT TTTTIUVEU PUTIUT tU UTC 1T oL,

68.6 The supply circuit branch circuit overcurrent protection shall equal 125 percent of the input current

rating but in n

o case shall it be smaller than 20 amp.

Exception No. 1: When 125 percent of the input current rating does not correspond with the standard
rating of a fuse or circuit breaker, the next higher standard device rating shall be used.

Exception No. 2: When a marking on the product indicates the use of branch circuit protection exceeding
125 percent of the input current, such protection shall be used.

68.7 The enclosure of the unit is to be connected directly to ground.
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68.8 Each test is to be continued until further change as a result of the test condition is not likely. When
an automatically reset protector functions during a test, the test is to be continued for 7 h. When a manual
reset protector functions during a test, the test is to be continued until the protector operates for 10 cycles
using the minimum resetting time, but not at a faster rate than 10 cycles of operation per minute. The
following are considered as an acceptable termination of the test:

a) Opening or shorting of one or more components such as capacitors, diodes, resistors, solid state
devices, printed wiring board traces, or the like.

b) Opening of the intended branch circuit overcurrent protection device described in 68.6 for a unit
marked in accordance with 91.29.

C) Op nihg of an-internalfuse-
Standard for
189, it is to be
5 of operation

Exception: |
Molded-Casé
operated for
per minute.

Vhen the manually reset protector is a circuit breaker that complies withythe
b Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures; UL 4
3 cycles using the minimum resetting time but not at a rate faster than-10 cycle

68.9 An 4
transformer
intended bra
device conng

ding of each
bening of the
bnt protection

djustable resistive load is to be connected directly to.the secondary win
bnd adjusted to result in the load condition described iny(a) or (b) below. O
hch circuit overcurrent protection device described in{68.6 or internal overcurr
cted in the primary-winding circuit is an acceptable-termination of this test.

a) Fo
in ma
altern

a transformer having a single isolated secondary winding, the load is to be adjdisted to result
Ximum volt-ampere output but not resultingzin ' more than three times the maximum normal
ating current to flow in the primary winding:
b) Fof a transformer having multiple isolatéd secondary windings, each secondary wi
tested separately; that is, with the winding under test loaded with an alternating cufrent equal to
three[times the rms value of the secandary current flowing through that winding dujng maximum
normal operation of the unit andthe other isolated windings, each loaded with an alternating
current equal to the rms valug of*'the secondary current flowing through their respegtive windings
during maximum normal operation of the unit.

nding is to be

Exception N¢. 1: A transformer’supplied from either an inverter circuit or other means limiting the current

to the transfd
obtainable in

Exception N
to the transfa

rmer to less than'three times rated current is to be loaded to a condition resultin
put current:

. 2: A-transformer employed in a switch-mode inverter or converter circuit may
rimer-Overload test described in 68.10 in lieu of the transformer burnout test.

J in maximum

be subjected

68.10 For a unit tested in accordance with Exception No. 2 to 68.9, the power circuit supplied by the
transformer is to be connected to a resistive load that will draw maximum obtainable output power without
causing operation of internal overcurrent protection devices or a protection circuit or resulting in opening of
a circuit component such as a diode, resistor, solid state device, or similar device.

69 Overload Test — High-Voltage Transformers

69.1 This test applies to a high-voltage transformer provided with thermal protection of other than the
nonrenewable thermal cutoff type. See 25.1.2.1.

69.2 Temperatures of a thermally protected high-voltage transformer, measured on the surface of the
windings, shall not exceed the insulation temperature rating when the transformer is tested as indicated in
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69.3 and 69.4. Insulation temperature rating is defined as the rating for the class of insulation; such as,
105°C for Class 105 insulation, 130°C for Class 130 insulation, and the like.

69.3 A variable resistance load is to be connected to the output terminals and the transformer operated
continuously at the normal test voltage indicated in Table 53.1. When the protective device controls a
switching device that, in turn, interrupts primary current to the transformer, the switching device is to be in
the circuit. The test ambient temperature is to be 77°F (25°C). The resistance load is to be adjusted so that
the transformer winding is brought to a stabilized temperature of 18°F (10°C) below its insulation rating.
The load is then to be gradually increased until operation of the protector occurs.

69.4 Three samples of the transformer-protector combination are to be tested. Average temperatures of
the three samples shall not exceed the winding insulation rating and the temperature of any one sample
shall not excded the insulation rating by more than 9°F (5°C).

69.5 The transformer shall comply with the Dielectric Voltage-Withstand Test, Section 59, [following the
test specified|in 69.3 and 69.4.

69A Overldad and Endurance Test for Operating Controls

69A.1 his tegst applies to switches or other similar operating controls asyspecified in 17.18.1(b) or 17.18.2

(€).

69A.2 A switching device in a product shall perform acceptably when tested as specified. There shall be
no electrical gr mechanical failure nor undue burning, pitting.er welding of contacts, or striking of an arc to
dead metal parts.

69A.3 The tests on switching devices shall be conducted by:

a) Operating the switching device mechanisms within the product in accordance with 69A.4 and
69A.6|except using the normal switching device loads of the product; or

b) Cygling the switching devices) individually or collectively while controlling the load$ specified in
69A.5|and 69A.6.

69A.4 If theltest in 69A.3(a)is conducted, the:

a) Englosure of the-product shall be connected through a 30 ampere cartridge fuse to(the electrical
test cifcuit pole considered least likely to strike (arc) to ground;

b) Switching device shall be mounted as intended in service; and

c¢) Test cycling shall be as specified in 69A.6 unless a slower rate is required by the design of the
product. A faster rate may be used if agreeable to all concerned.

69A.5 If the test in 69A.3(b) is conducted, the switching device shall be subjected to an overload test at
the ambient temperature for which it is intended. The overload test shall consist of making and breaking
the connected load for 50 cycles of operation, with 1 second ON and 9 seconds OFF. The current, power
factor and voltage used for testing each type of load shall be as follows:

a) Noninductive load(s) — 150 percent of the total connected load current. The power factor shall be
1.0 and the voltage shall be as specified in 53.1;

b) One or more motors together with one or more other loads — 100 percent of the locked-rotor
current, maximum operating current or maximum rated current of the largest motor plus 100
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percent of the full load or maximum operating current of all other motors and/or other loads. The
power factor shall be 0.4 — 0.5 and the voltage shall be as specified in 53.1;

¢) One or more inductive loads, such as a transformer or ballast, with or without other noninductive
or pilot duty loads — 100 percent of the total inductive and other noninductive/pilot duty loads. The
power factor shall be 0.7 — 0.8 and the voltage shall be as specified in 53.1; or

d) One or more pilot duty loads, such as coils within a relay or electric valve — 100 percent of the
total connected pilot duty loads. The power factor shall not exceed 0.35 and the voltage shall be
110 percent of the value specified in 53.1.

69A.6 A switching device shall be subjected to an endurance test at the ambient temperature for which it

is intended. ]
the total con
The enduran

a) 60
other

b) 24

opergtion with 1 second ON and 59 seconds OFF for a switching device that is a

motof

69A.7 Atth
the Dielectrid

69B Switch Mode Power Supply Units — Overload-Test

69B.1 The

69B.2 Each
other windin
favorable.

69B.3 Ove
power supply
minute to mg

69B.4 For
protector, etg

nected load current and the power factor shall be as specified in 69A.5 for each
ce test cycling shall consist of making and breaking the connected load for:

DO cycles of operation with 1 second ON and 9 seconds OFF for_a-switching
than a self-resetting motor-compressor or electric heater operating control; or

000 cycles of operation with 1 second ON and 9 seconds ‘ORKF followed by 6,

-compressor or electric heater operating control.

e conclusion of the test in 69A.3, each switching.device shall be subjected to an
Voltage-Withstand Test, Section 59.

est applies to switch mode power supply units as specified in 25.4.1.1.

output winding, or section ofla-.tapped winding, is overloaded in turn, one at a t
gs are kept loaded or unloaded, whichever load conditions of normal usg

Hloading is carried out by connecting a variable resistor (or an electronic loa
output. The resistor is adjusted as quickly as possible and readjusted, if necs
intain the applicable overload. No further readjustments are then permitted.

this test;” any protective devices such as a fuse, manual reset circuit protg
. are allowed to remain in the circuit.

e endurance st voltage Shall be as Specified 53T The current shat be |

00 percent of
type of load.

device that is

000 cycles of
self-resetting

d comply with

me, while the
is the least

d) across the
ssary, after 1

ector, thermal

69B.5

If overcurrent protection is provided by an overcurrent protection device, the overload test current

is the maximum current which the overcurrent protection device is just capable of passing for 1 hr. If this

value cannot

69B.6

be derived from the specification, it is to be established by test.

obtainable from the power supply.

If no overcurrent protection is provided, the maximum overload is the maximum power output

69B.7 In case of voltage foldback, the overload is to be slowly increased to the point which causes the
output voltage to collapse. The overload is then established at the point where the output voltage
recovered and held for the duration of the test.

69B.8 The duration of the test is to be for 7 hours or until ultimate results are reached. At the conclusion
of the test, there shall be no charring or burning of electrical insulation, no opening of any protective device
or any circuit component.
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70 Overvoltage and Undervoltage Tests

70.1  An electromagnet, such as employed on a relay or solenoid in an extra-low-voltage circuit, shall
withstand 10 percent above rated voltage without damage and shall operate at that voltage and also at 15
percent below rated voltage. When the component is supplied by the secondary winding of an extra-low-
voltage transformer provided as part of the unit, the voltage adjustments are to be made in the primary of
the transformer based on the Normal Test Voltages specified in Table 53.1.

Exception: When failure of an extra-low-voltage component to operate at 15 percent below rated voltage
does not result in a risk of fire, electric shock, or injury to persons, the undervoltage test is not required to
be performed.

70.2 When
recycling of t
with the requ
and de-energ

70.3 Relay
condition unti
reduced to th
or solenoid th
at the rated

la relay or other control is used in combination with a motor controller to preve

e motor due to the operation of a protective device, the components involved
rements of 70.1 under any condition that might result from operation of the prot
zation of the circuit.

5 and solenoids are to be connected to a supply source maintained at the
the coils of the relays and solenoids attain constant temperature. The potential
b rated voltage and each relay and solenoid shall operateas intended at this vo

oltage for the maximum time permitted by its duty.gycle or until constant te

nt automatic
shall comply
ective device

overvoltage
then is to be
tage. A relay

at will not be subject to continuous operation is to be énergized at the overvoltage condition

mperature is

attained, whighever occurs first.

71 Current|Overload Test — Bonding Conductors and’Connections
711 When
carrying a cy
interval indics

required by 14.8 or 14.12, bonding-conductors and connections shall not
rrent equal to twice the rating of the branch circuit overcurrent-protective d
ted in Table 71.1.

open, when
bvice for the

Table 71.1
Current overload test
Rating pf overcurrent protection device, amp Minimum duration of current flow, inin

30 oriless 2

31> 60 4

61— 100 6

101 -200 8
72 Insulation Resistance Test
721 General
72.1.1 Equipment employing insulating material subject to the deteriorating conditions of moisture shall

have an insulation resistance of not less than 50,000 ohms between live parts and interconnected dead
metal parts after exposure for 24 hours to air having a relative humidity of 85 +5 percent at a temperature
of 90 +4°F (32 £2°C).

72.2 Electric heaters

72.2.1 The insulation resistance of encapsulated heaters and sheath-type heaters that are exposed to
moisture in a unit shall be not less than 50,000 ohms when tested as described in 72.2.1 and 72.2.3 and
the heater shall comply with the Dielectric Voltage-Withstand Test, Section 59, following exposure.
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72.2.2 When an encapsulated heater or heater terminal seal is intended to be immersed in water as it is
used in the unit, the test is to be conducted by cycling the heater for 30 days, submerged in water. The
water is to be maintained at a temperature of 194 — 212°F (94 — 100°C). The heater is to be energized at
its rated voltage and cycled at a rate of 1-1/2 min on and 13-1/2 min off.

72.2.3 When the heater terminal seal is exposed to moisture but is not subject to more than occasional
contact with water in the unit, the test is to be conducted by cycling the heater assembly or terminal seal in
an atmosphere of not less than 98 percent relative humidity at any convenient temperature above 32°F
(0°C). The heater is to be energized at its rated voltage and operated for 1000 cycles at a rate of 1-1/2 min
on and 13-1/2 min off.

73 Limited Short-Circuit Test

73.1 Genejyal

73.1.1  The|components specified in (a) — (d) shall comply with the requirements-of 73.2.1 — 73.4.1, as
applicable, following short circuiting while protected by a branch-circuit overcurrent devide of the size
required by the equipment:

a) Mator overload protective devices connected in the motor circuit.
b) Mator circuit conductors and connections as required by 12.1.32.
¢) Bonding conductors and connections as required by~14.8 and 14.12.

d) Cophductors smaller than 18 AWG as covered by12.1.32(b).

73.1.2 For p cord-connected unit, the branch-circuit protection specified in 73.1.1 is to be provided by a
fuse having a rating not less than the rating of the attachment plug.

Exception: The minimum fuse size for cord=connected equipment is to be 20 amp rated 125 V or less.

73.1.3 For|a permanently-connected unit, the branch-circuit protection specified in 73.1.1 is to be
provided by gither:

a) A device that is recognized for branch-circuit protection and located in the unit, or

b) A branch-circtit protective device of the type and maximum rating specified on the equipment
nameplate.

73.1.4 Except.as specified in 73.1.4.1, permanently-connected equipment having more than one motor
wired for connection to one supply line shall withstand short-circuiting while protected by a branch-circuit
overcurrent device rated at 225 percent of the rated-load or maximum rated current of the largest hermetic
compressor motor of the group plus an amount equal to the sum of any additional loads supplied. If a
hermetic compressor motor is not supplied, the branch-circuit overcurrent protective device is to be rated
400 percent of the full-load or maximum operating current of the largest motor of the group plus an amount
equal to the sum of any additional loads supplied.

73.1.4.1 If the branch-circuit overcurrent device is sized smaller than that specified in 73.1.4, then:
a) The branch-circuit overcurrent device shall not be smaller than 15 amperes; and

b) The product shall start and operate during the Starting Test, Section 56, without opening a fuse
having this smaller rating.
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73.1.4.2 If a permanently-connected product incorporates a branch-circuit overcurrent device described
in 73.1.3 as part of the product, the test shall be conducted with that device within the product.

73.1.5 With regard to branch-circuit overcurrent protective devices and for the purpose of these tests,
fuses of the same rating are considered to be interchangeable. Fuses and circuit breakers are not
considered to be interchangeable with each other. Circuit breakers are not considered interchangeable
with each other.

73.1.6 The component is to be connected in a test circuit having a capacity based on the sum of the load
currents and voltage rating of the equipment. See Table 73.1. When the sum of the load currents of the
equipment falls between two values in the table, the larger value is to be used in determining the circuit

capacity. If th

cauibment namenlate shows individual loads the sum-of the load current is t
e Rkl o 1 T

of all individJ
possible, the
capacity of th
circuit capaci
istobe 0.9 -

73.1.7 Threg
condition and
short-circuit a

73.2 Motor

73.2.1 Then
when sample

73.2.2 Whe
within an outg
within the ca

short-circuit t¢st may be waived.

al loads that may occur simultaneously. If more than one simultaneous load
condition resulting in the maximum total current is to be used as a basis foride
e test circuit. The voltage for the test circuit is to be an alternating current su
y is to be measured without the component in the circuit. The power.factor of t
1.0 unless a lower power factor is agreeable to those concerned.

e samples of each component or conductor under test are)to be subjected
nd ground-fault conditions.
overload protective device

e shall be no ignition of cheesecloth surroufding the enclosure of a motor prot
5 are subjected to this test.

h a thermally protected motor or a-separately enclosed motor overload protec
r cabinet, and if the assembly is(constructed so that flame and molten metal wi
binet and there is no flammable material except electrical insulation within the

be the total
condition is
ermining the
bply, and the
ne test circuit

to each test

a new protective device is to be used for each test. Consideration is to be given to both

bctive device

ive device is
| be confined
cabinet, the

Table 73.1
Short-circuit test currents
Product rating, amp
Single phase
110-12Q vV 200 -208 V 230-240V 254-277V Circuit ¢apacity, amp
9.8 orless K4 orless 49 orless = 200
9.9-16.0 55-8.8 5.0-8.0 6.65 or less 1000
16.1-34.0 8.9-18.6 8.1-17.0 - 2000
34.1-80.0 18.7-44.0 17.1-40.0 - 3500
Over 80.0 Over 44.0 Over 40.0 Over 6.65 5000
3 Phase
200-208 V 220-240V 440-480V 550 — 600 V Circuit capacity, amp
2.12 or less 2.0orless - - 200
213-3.7 21-35 1.8 orless 1.4 orless 1000
3.8-9.5 3.6-9.0 - - 2000
9.6-23.3 9.1-22.0 - - 3500
Over 23.3 Over 22.0 Over 1.8 Over 1.4 5000
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73.3 Bonding conductors and connections

73.3.1

73.4 Motor circuit conductors and connections

73.41
this test.

74 Electric Heater Control Tests

741 Endu
| 7411 Dele
| 7412 Dele

74.2 Caliby
| 7421 Dele

75 Protect

75.1

excess of 15
tested as spq

75.2 The €
described in
longer. Stabl
temperature
is to be redu

Bonding conductors and connections shall not open when samples are subjected to this test.

Motor circuit conductors and connections shall not be damaged when samples are subjected to

ance test

ted

ted

ation test

ted

ve Devices — Maximum Continuous Current Test

To defermine that a thermal protector or a protective system will not permit a continu

b percent of the rated-load current of the*motor as required by 19.3.2, the equig
cified in 75.2, unless the compressor miotor has been separately tested as desc

Table 75.1 for at least 1 heur or until stable conditions have been reached,
e operation is considered to.be obtained when two consecutive readings, 15 mi
on top of the compressor.motor shell do not change more than 3°F (1.7°C). Thé

allowed to b
of current in

motor prote
by alternate
procedure is
input at the |
the voltage

ced in steps of 2 percent of rated voltage (to the nearest integral volt). Oper
come stable after-each reduction in voltage before the next reduction is made,
ut to the compressor motor are to be noted after stable operation is obtained §

bus current in
ment is to be
ribed in 75.4.

quipment is to be connected to @)circuit of rated voltage and operated under the conditions

whichever is
h apart, of the
e voltage then
ation is to be
and readings
ubsequent to

reduction. Ifithe equipment will operate at 90 percent of rated voltage withodit tripping the

ive device/-the first step in voltage reduction may be to 90 percent of rated vo
stabilization periods and 2 percent steps in voltage reduction as outlined
to be-continued until the protective device opens the circuit. The compressor
west voltage step during which continuous operation occurs (the lowest voltg

tage followed
above. This
motor current
ge preceding

compliance with the requirements in 19.3.2.

s for judging

Exception: Initial operation of the equipment may be at such a voltage that the current input is 156 percent
of the rated current. The voltage then is to be reduced by 2 percent of rated voltage (to the nearest integral
volt) to establish that the protective device opens.
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Table 75.1

Test conditions for calibration of thermal protectors and protective systems

Temperature,
Location °F (°C)

Air temperature surrounding unit 104 (40)
For water-cooled unit

Water temperature entering condenser 80 (26.7)

Water temperature leaving condenser 100 (37.8)2
For air-cooled unit

Air tempefature entering condenser 104 (40)

& Where this co
temperature an

H 35 psig (2.41 kPa) nominal pressure.

hdition cannot be attained due to the design of the unit, the unit is to be tested at 80°F inlet condensgr water

75.3 The vqg
other compor
rated voltage

75.4 Theco
tested as des
as a basis for

referred to in 75.2 is to be the higher of the two ratings.

judging compliance with the requirements in 19.3.2.

Itage reductions mentioned in 75.2 may be applied to the compressor motor
ents in the equipment operated at rated (or higher) voltage. For dual-voltage rated units, the

bnly, with the

mpressor motor and its protective system, as employed in.the equipment, may e separately
cribed in 75.2 under the conditions described in Table.75.2. This separate test

may be used

Test conditions for calibration of therm-r:}b;:?oigéztors and protective systems sepgrately
Degrees
Location F (C)

Return gas

Saturatefl vapor temperature 32 (0)

Superheft 48 (27)
Discharge gas

Saturatefl vapor temperature 140 (60)
Ambient air

Temperafure 122 (50)

Velocity 400 fpm?® (2.03 m/g)
aThe velocity sgecified in the horizontal air velocity in the test chamber without the compressor installed. The actual velocity
across the com f T f f the air- flow

(d).

pattern. A higher velocity may be employed if the results of the test with the higher air velocity indicate compliance with 18.3(b) or

76 Strength Tests — Pressure Containing Components Refrigerant System

76.1
the following:

a) Five times the marked high-side design pressure. See 91.8.

High-side parts of the refrigerant system shall have an ultimate strength not less than the highest of

b) Five times the maximum pressure developed in the Temperature and Pressure Test, Section 57.

c) Five times the start-to-discharge pressure of a pressure relief valve or five times the set-pressure
of a rupture member.
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d) Three times the maximum adjustable setting of the pressure-limiting device.

e) For a unit equipped with a fusible plug, 2-1/2 times the vapor pressure of the refrigerant at the
relief temperature of the fusible plug or 2-1/2 times the critical pressure of the refrigerant,

which

ever is smaller.

f) For an air-cooled unit, three times the maximum high-side pressure developed in the Condenser
Fan Motor Failure Test, Section 60.

g) For water-cooled units and not equipped with a pressure-limiting device, five times the pressure
developed in the Condenser Water Failure Test, Section 61.

h) O

and one-half times the vapor pressure of the refrigerant at 140°F (60°C)

76.2 Press
required by 7

76.3 A refi
strength equ

76.4 Low-s
the following

a)Th

b) Th

Sectipn 57, including equalization pressure developed.

c) Fo
Fan N

d) Fg
Cond

e)On

Exception N(
highest of thé

1) Lo

2) M3

Lire vessels bearing the ASME Code “U” symbol and having a design pressure
6.1 or 76.4, as applicable, are acceptable without test.

| to five times the marked design pressure.

de parts of the refrigerant system shall have an ultimate strength not less than

ee times the marked low-side design pressure. See-91.8.

ree times the maximum low-side pressure developed in the Temperature and H

an air-cooled unit, three times the maximum low-side pressure developed in th
lotor Failure Test, Section 60, including the low-side equalization pressure deve

r a water-cooled unit, threé-times the maximum low-side pressure devsg
bnser water Failure Test,.Séection 61, including the low-side equalization pressur

e and one-half timestithe vapor pressure of the refrigerant at 140°F (60°C).

. 1: Low-side pressure vessels shall have an ultimate strength of not less than
b following:

wv-side.design pressure,

ximum pressure developed during the Temperature and Pressure Test, Section 67

not less than

rigerant-containing component having a marked design pressure shall have an ultimate

the highest of

ressure Test,

e Condenser
oped.

loped in the
e developed.

five times the

3) Start-to-discharge pressure of a pressure-relief valve, or

4) The set-pressure of a rupture member.

Exception No. 2: Low-side pressure vessels protected by a fusible plug shall have an ultimate strength not
less than 2-1/2 times the vapor pressure of the refrigerant at the relief temperature of the fusible plug or 2-

1/2 times the

critical pressure of the refrigerant, whichever is smaller.

76.5 With reference to 76.1(h) and 76.4(e), vapor pressures of R11, R12, R22, R134a, R500, and R502
at 140°F (60°C) are 31, 207, 337, 229, 248, and 362 psig (214, 1427, 2323, 1579, 1710, and 2496 kPa),

respectively.

76.6 With reference to the requirements of 76.1 and 76.4, sections of the refrigerant system constructed
of continuous tubing or of lengths of tubing connected by soldered, brazed, or welded joints are
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considered as complying with these requirements, provided the tubing employed in the assembly complies
with the requirements of 46.1.1.

76.7 Except as specified in 47.3 and 47.4, the requirements in 76.1 and 76.4 shall also apply to
equipment in which the high-side design pressure marked on the equipment equals or exceeds the critical
pressure of the refrigerant.

76.8 Two samples of each refrigerant-containing part are to be tested. The test medium is to be any
nonhazardous liquid, such as water. The test samples are to be filled with the test medium to exclude air
and are to be connected in a hydraulic pump system. The pressure is to be raised gradually until the
required pressure is reached. This pressure is to be maintained for 1 min during which time the samples
shall not burs i i i ; inati e sample for
release of the test medium or as evidenced by a decreasing hydrostatic gauge pressure.

76.8.1 Inreference to 76.8, any leakage that occurs shall comply with all of the following:

a) Legkage shall occur only at gaskets or seals located within components-intended for use with a
refriggrant identified as having a flammability safety group classification that does not ¢xceed Class
A1 asdescribed by ANSI/ASHRAE 34;

b) Legkage shall occur only at a pressure greater than:

1) Twice the equipment marked high-side design” pressure for gaskets and seals in
components located within the refrigeration system high-side; or

2) Twice the equipment marked low-sidé design pressure for gaskets and seals in
components located within the refrigeration system low-side;

c) If leakage occurs at the component gaskets or seals, the component shall b¢ capable of
withstanding the full required test pressure.

76.9 Pressyre-actuated refrigeration_centrollers rated for the application are exempt from [strength test
requirements|for pressure containing components.

77 Tests on Refrigerant Storage Fill Limiting Devices
77.1 Operational test

7711 A cpmplete-sample of the refrigerant storage section, along with its associated fill limiting
assembly, shall be operated as intended and limit the fill of the storage section to 80 percenfor less of its
capacity by volume

77.2 Endurance test

77.2.1 A complete sample of the refrigerant storage “fill” limiting assembly shall be operated as intended
for 100,000 cycles. Immediately following this cycling process, the fill limiting assembly shall be subjected
to the Dielectric Voltage-Withstand Test, Section 59 and the Operational Testin 77.1.1.

77.3 Vibration test

77.3.1 A complete sample of the refrigerant storage “fill” limiting assembly employed on all portable
refrigerant storage containers shall be subjected to a 1/4 in (6.4 mm) displacement at a frequency of 17 hz
for 48 hours. Immediately following this test, the fill limiting assembly is to be subjected to the Operational
Testin77.1.1.
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77.4 Rough usage test

77.4.1 Two complete samples of the portable refrigerant storage tank, along with their fill limiting devices
are subjected to this test. One sample is to be filled with water to 80 percent of its capacity by volume. The
other sample is to remain empty. Each sample is to be dropped three times from a height of 3 ft (0.91 m)
onto a concrete floor so that the bottom, side, and top of the storage tank is impacted with the floor.
Following this test, the samples shall be subjected to the Operational Test in 77.1.1.

77.5 Float crush test
77.5.1 Two samples of the as-received floats shall be inserted into a pressure vessel. The floats shall

withstand a test-pre o-th minimum-of two-times-the-maximum-pressure-measured-during the tests
outlined in S¢

Exception: Rloats intended for use in removable storage cylinders complying-with Sedtion 50 shall
withstand a minimum of two times the pressure rating of the storage cylinder.

77.6 Compatibility test

77.6.1 Normetallic components and/or electrical insulating materials’ used inside refrigerant storage
sections that|are used to operate the fill limiting device shall be compatible with the refrigerants and oils to
be used with|the refrigerant recovery/recycling equipment.

77.6.2 A cpmplete sample of the as-received fill limiting-device shall be mounted inside a pressure
vessel that i filled to 80 percent of its internal volume&’by a mixture of 5 percent oil and 95 percent
refrigerant infended for use with the refrigerant recovery/recycling equipment. The pressur¢ vessel shall
be placed in fan air circulating oven maintained at @ minimum of 176°F (80°C) for a total of 60 days. Other
values of time and temperature as noted in Table' 77.1 can be employed. Immediately folloying this test,
the fill limiting device shall be subjected to the!Operational Test in 77.1.1.

Table 77.1
Alternate values of time and temperature for the compatibility test

Degrees
Days °F (°C)
60 176 (80)
45 185 (85)
30 194 (90)
225 203 (95)
15 212 (100)

78 Tests on Weight Scale Assemblies
78.1 Operational test

78.1.1 A complete sample of the refrigerant storage weight scale assembly shall be operated as
intended to determine that the fill limit of the storage section is 80 percent or less at 70°F (21.1°C) of its
capacity by volume.
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78.2 Endurance test

78.2.1 A sample of the switch and mechanical assembly used to cease the refrigerant recovery
operation shall be operated as intended for 100,000 cycles. The electrical rating of the switch is to be
adequate for the load it controls. Following this test, the weight scale assembly shall be subjected to the

Operational Testin 78.1.1.

78.3 Vibrati

78.3.1

on test

A complete sample of the refrigerant storage weight scale assembly shall be subjected to a

vibration test as noted in either 78.3.2 or 78 3.3. The test is to be conducted with the storage tank (A) full,

(B) empty angd

may be cho
subjected to t

78.3.2 Asa
upright positi
The test app3
of 1in (25.4
adjusted so

assembly from the table. During the test, the equipment is to be rotated 90 degrees from the i

so that the sa
subjected to

position of th¢ sample (90 degree rotation), the speed of the-test apparatus is to be readjuste

a1/16in (1.6

78.3.3 Asa

in its normal Wpright position. The vibration table shall be adjusted to provide a circular motio

displacement
the equipmer
longitudinal a
for24 h (48 h

78.4 Rough

7841 A sq
dropped thre
repeated 3 tir
the tank 6 in
scale assemi

en to represent the worst case. FoIIowmg thls test the welght scale asse
e Operational Testin 78.1.1.

ple of the refrigerant storage weight scale is to be placed on a vibration table
bn but not secured in place except that it may be loosely restrained-to limit the g
ratus is to consist of a vibration table that provides circular motion with a total
mm) in a vertical plane with the table level at all times. The‘speed of the appa
that the vibration frequency generates a 1/16 in (1.6 mm) vertical displacs

mple is subjected to both longitudinal and transverse circular vibration. The sa

noted above
bly shall be

in its normal
rea of travel.
Hisplacement
atus is to be
ment of the
hitial position
mple is to be

vibration in each position for 3-1/2 h (7 h total.vibration time). After making the change in

mm) displacement.

mple of the refrigerant storage weight scale shall be positively secured onto a v

of 1in (25.4 mm), to generate_a~1.25 g (12.3 m/sec?) force of acceleration. D
t is to be rotated 90 degrees_from the initial position so that the sample is subj

of total vibration time).
usage test

mple of the.refrigerant storage tank filled with refrigerant to 80 percent by vol
b times from'a height of 6 in (152 mm) onto the weight scale assembly. The
nes with.an empty refrigerant storage tank. If constraints on the equipment prey
152 mm), the height of the drop is to be limited by the design. Following this te
Iy.shall be subjected to the Operational Test in 78.1.1.

d to maintain

bration table
n with a total
ring the test,
bcted to both

nd transverse circular vibration. The sample is to be subjected to vibration in ¢ach position

ume is to be
test shall be
ent dropping
5t, the weight

79 Tests of

791

79.1.1

Gaskets and Seals Used in Refrigerant Systems

General

between two mating surfaces shall comply with the requirements in 79.2.1 —79.4.1.

79.2 Tensile strength and elongation test

79.2.1

Gaskets and seals of neoprene, rubber, or polymeric material used to prevent refrigerant leaks

Representative samples of each elastomeric material shall be subjected to this test in accordance

with the Standard for Gaskets and Seals, UL 157, in the as-received condition, after the refrigerant
exposure and oil immersion tests noted below. No minimum values are established for as-received
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samples. After exposure in each refrigerant and immersion in oil, the tensile strength and elongation shall
not be less than 60 percent of original.

79.3 Refrigerant exposure test

79.3.1

Representative samples of each elastomeric material shall be exposed to the liquid phase of each

refrigerant intended to be handled for 30 days at 158°F (70°C). The test apparatus shall include a pressure
vessel of sufficient strength to adequately handle the test pressure developed and means of transferring
the test fluid to the vessel.

79.4 Oilim

mersion test

79.4.1 Rep
oil. The sam
the conclusi
percentage ¢
percent swel

80 Shelf Sf

80.1 A stor
as indicated
electrical con

a)Th
to on
cylind

b) WH
shot i

80.2 Thelg
be spherical

80.3 A stor
(c):

a)Th
of 3.1
witho

resentative samples of each elastomeric material shall be immersed for 70/hou
bles and test fluid shall be at 70 £3.6°F (21 £2°C). The volume of the samples

bn of the immersion test shall be determined by the water displacement meg
hange and volume calculated. The material shall not show a volumé change of
ing or 1 percent shrinkage.

rength Test

hge shelf shall remain in position and comply with 80-3“after being subjected to
in (a) and (b). In addition, the impacts shall not résult in exposure of live part
hponents or wiring, or reduction of electrical spagings.

b release from a height of 4 in (102 mm) of a’bag containing lead shot, whose W
e-half the weight of the test load specified.in 80.3, but not exceeding the weigh
ers described in 80.3. The height of theldrop is to be a measured to the bottom ¢

t
5 to be released from a height equal to the maximum loading height minus 6 in (1
ad shot is to be trade size No. 9 to 6, or 0.08 to 0.11 in (0.2 to 0.3 mm) diameter,

and is to impact the storage shelf at the center.

b maxinium number of solid steel cylinders, each weighing 2.2 Ib (1 kg) and havi
5 in (8020 mm), that can be placed in a single tier, with their axes vertical, on the
it any cylinder overhanging the front edge of the component.

rs in IRM 903
nitially and at
thod and the
more than 25

three impacts
s, damage to

eight is equal
t of ten of the
f the bag.

en the maximum loading height of the component is less than 10 in (254 mm), the bag of lead

52 mm).

The bag is to

hge shelf shall femain in position and retain a test load applied for 1 hour as specified in (a) —

ng a diameter
storage shelf

b) When the maximum loading height of a shelf does not exceed 5.9 in (150 mm), the solid steel
cylinders are to be 3.15 in (80.0 mm) in diameter are to weigh 1.11lb (0.5 kg) each, or

¢) When more than one storage shelf is supported by a bracket (for example, plaster arrangement),
the bracket shall remain in position when all support components are simultaneously loaded as
indicated in (a) or (b), as applicable. Adjustable storage shelves shall be equally spaced during this

test.

80.4

calculated on the basis of 80.3.

Other loading means may be used in lieu of cylinders, provided the load is equivalent to that

80.5 The tests in 80.1 and 80.3 are to be conducted with any arrangement or removal of storage shelf
and, where the storage shelf or its structural support parts are constructed of polymeric materials, the tests
in 80.1 and 80.3 are to be conducted at the temperature of 60 to 90°F (15.6 to 32.2°C).


https://ulnorm.com/api/?name=UL 1963 2021.pdf

118 UL 1963 MARCH 25, 2021

81 Strength of Handles Test

81.1 A handle or straps used to support or carry a product shall withstand a load of three times the
weight of the product without damage to the handle, its securing means, or that portion of the enclosure to
which the handle is attached.

81.2 The load is to be uniformly applied over a 3 in (76 mm) width at the center of the handle, without
clamping. The load is to be started at zero and gradually increased so that the test value is attained in 5 to
10 s; the test value is to be maintained for 1 min. When a product has more than one handle and is unable
to be carried by one handle, the load is to be distributed between the handles. The distribution of the load
is to be determined by measuring the percentage of the product weight sustained by each handle with the

product in th

normal carrving position. When a product is furnished with more than one ha

ndle and can

be carried by
82 Compor

82.1
unintentionall

Exception: TH

only one handle, each handle is to withstand the total load.

ent Restraint Test

A slidgout storage component (drawer, shelf, or the like) shall be restraihed to prev

y pulled free of its supporting means.

e types of components specified in (a) — (c) need not be restrained:

a) A pan, tray, or similar container that rests freely on~a. shelf or on the storage

botton
b)Ac

c) A
(508 n
above

82.2 The r¢
equipment wi
accordance V
with 80.3 and
from a cord ry

82A Wiring

82A.1 Equ
accordance W

1,

helf or container located so that the bottom of the shelf or container is not mo|
nm) above the floor, with levelers adjusted to raise the equipment to its maxim
the floor, but not to more than 1 in25.4 mm).

th the application of a statically applied load equal to the weight of the compon
ith 80.3, but not more than 30 Ib (13.6 kg). The component is to be loaded ir
is to be in its restrained position. The force is to be applied horizontally by han
nning over a pully and attached to the center of the load edge of the component

Endurance Test

pment=with wiring subjected to movement as specified in 12.1.10 shall
ith"82A.2 — 82A.5. At the conclusion of the testing, the equipment shall comply

ent its being

compartment

bmponent that does not exceed 10 Ib (4.5 kg),in'weight when loaded as indicateq in 73.3; and

re than 20 in
um elevation

straint specified in 82.1 shall prevent the storage component from being pulled clear of the

ent loaded in
accordance
ping a weight

be tested in
ith all of the

following:

a) There shall be no broken conductors;

b) Indi

vidual strands shall not penetrate the insulation;

¢) There shall be no damage to the wiring; and

d) The equipment shall comply with the Dielectric Voltage-Withstand Test, Section 59.

82A.2 Wiring subject to movement shall be tested by cycling the moving part(s) through the maximum
travel permitted by the design. If the electrical component to which the wiring is connected is exposed to
the user, the duration of the endurance test shall be 100,000 cycles, otherwise the test shall be for 6,000
cycles.


https://ulnorm.com/api/?name=UL 1963 2021.pdf

MARCH 25, 2021 UL 1963 119

82A.3 Door restraints, such as chains, clamps, and the like, shall be removed. However, such restraints
may remain in place if their removal requires the use of a tool.

82A.4 The endurance test cycle rate shall be not less than 6 cycles per minute. One cycle shall be
considered a complete flexing movement from the starting position through the maximum amount
permitted by the design and then returned to the starting position.

82A.5 Following the endurance cycling, the equipment shall be subjected to the Dielectric Voltage-

Withstand Test, Section 59.

83 Accelerated Aging Tests on Gaskets, Sealing Compounds, and Adhesives
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83.4.1

provide equivalent resistance to aging and temperatures.

Gaskets of materials other than those mentioned in 83.1 — 83.4 shall be nonabsorptive, and shall

83.4.2 At least three samples of neoprene, rubber or polyvinyl chloride materials shall be used for each
of the following tests:

a) Recovery

b) Before elongation

c) After elongation
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d) Before tensile strength and

e) After tensile strength.

83.5 Sealing compounds shall be applied to the surface they are intended to seal. A representative
sample of the surface with the sealing compound applied shall be subjected to a test involving exposure to
air at 190 +3.6°F (88 +2°C) for a period of not less than 7 days. The sealing compound shall not melt,
become brittle, or otherwise deteriorate to a degree that affects its sealing properties as determined by
comparing an aged sample to an unaged sample.

83.6 When gaskets are secured by adhesives, samples of the gasket adhesive and mounting surface
shall be expo ° +2° i i ion in distilled water
maintained a{ 77 £3.6°F (25 £2°C) for not less than 3 days. The force required to peel thergasket from its
mounting surface after exposure shall be not less than 50 percent of the value determjned on “as-
received” saniples and in no case less than 2 Ib per in (350 N/m) of gasket width.

84 Accelerated Aging Test — Electric Heaters

84.1 Rubbgr, neoprene, or thermoplastic compounds used as a heater)casing or for heater terminal
seals shall withstand accelerated aging without deteriorating to a degree that affects it$ use. Aging
conditions, ag specified in Table 84.1, are based on the maximum temperature rise, measured in an
ambient from|77 to 104°F (25 to 40°C) on the device during the~femperature and Pressure [Test, Section
52.

Table 84:1
Accelerated aging test criteria
Measured temperature
rise dedrees
F (C) Material Test program

63 (35) Rubber or Neogrene Air oven aging for 70 hours at 212°F +3.6°F (100°C £2fC).

63 (35) Thermoplastic 7 days in an air circulated oven at 212°F (100°C)

90 (50) Rubbef or Neoprene Air oven aging for 70 hours at 212°F +3.6°F (100°C +2fC).

90 (50) Thermoplastic 10 days in an air circulated oven at 212°F (100°C)

99 (55) Rubber, Neoprene, or 7 days in an air circulated oven at 235.4°F (113°C)
Thermoplastic

117 (65) Rubber or Neoprene 10 days in an air circulated oven at 249.8°F (121°C)

117 (65) Thermoplastic 7 days at 249.8°F (121°C) or 60 days at 206.6°F (97°Q) in an air

circulated-oven

144 (80) Rubber, Neoprene, or 7 days in an air circulated oven at 276.8°F (136°C)
Thermoplastic

180 (100) Rubber, Neoprene, or 60 days in an air circulated oven at 276.8°F (136°C)
Thermoplastic

225 (125) Rubber, Neoprene, or 60 days in an air circulated oven at 316.4°F (158°C)
Thermoplastic

315 (175) Rubber, Neoprene, or 60 days in an air circulated oven at 410°F (210°C)
Thermoplastic

85 Reliability Test — Heater Terminations

85.1 Electric heaters employing either integrally molded leads or molded terminal assemblies shall
withstand, without displacement of insulation or separation of the connection between the lead and heater,
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a test load of 20 Ib (9.1 kg) applied for 1 min. The load is to be applied to the leads or terminals in the
direction at which they exit the heater case or molded connection.

85A Protective Electronic Circuit Tests

85A.1

85A.1.1
and intended

General

to comply with 17.15(h).

85A.1.2 User adjustable controls shall be adjusted to their most unfavorable setting.

The tests in 85A.2 — 85A.5 are applicable to products provided with a protective electronic circuit

85A.2 Fau‘t conditions abnormal test
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est in Section
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ctronic circuit

ct shall then be subjected to any one of the following relevant operational fagllt conditions,

ors for Use in

Electionic Equipment — Part 14: Sectional Specification: Fixed Capacitors for El¢ctromagnetic

Interf

c) Sh
(MOV

d) Fa
e) Fa
triacs

not cq

f) Fai

prence Supression and Conngction to the Supply Mains, UL 60384-14;

brt circuit of any two terminals of an electronic component, including a metal
). For the test applicable to an integrated circuit, see (e);

lure of triacs in the diode mode;

lure of micreprocessors and integrated circuits except components such as
All possible output signals occurring within the component which may result
mplying-with 85A.2.1 shall be considered;

ure)of an electronic power switching device, such as a field effect transistor

pxide varistor

hyristors and
n the product

and a bipolar

transisfor (including the insulated gate type) in a partial furn-on mode with Toss of gate (base)
control;

g) Short-circuiting of any circuit that differs in voltage from the supply source of the protective
electronic circuit by connecting the different voltage circuit to the supply source.

85A.2.3

In reference to 85A.2.2, the following items shall be considered:

a) If the fault specified in 85A.2.2(c) is not applied:

1) Between two circuits of an optical isolator, then the optical isolator shall comply with UL

1577, the Standard for Optical Isolators.
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2) To the short circuiting of an electronic surge protective device, such as a
varistor (MOV), then the MOV shall comply with the Type 4 requirements in the
Surge Protective Devices, UL 1449.

metal oxide
Standard for

b) For evaluating encapsulated or similar components, if the circuit and/or components cannot be
evaluated by other methods, then 85A.2.2(e) shall be applied.

¢) For evaluating the components in 85A.2.2 (f), one method for simulating this mode is to
disconnect the electronic power switching device gate (base) terminal and then connect an
external adjustable power supply between the gate (base) terminal and the source (emitter)
terminal of the electronic power switching device. The power supply can then be varied to obtain
the current which is the most severe but which does not damage the electronic power switching

device-

d) Step-function positive temperature coefficient thermistors (PTC-S) shallcbe’ s
unlesg they comply with the DC PTC Thermistors section in the Standard_ for,Audi
Similaf Electronic Apparatus — Safety Requirements, UL 60065.
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85A.3 Electromagnetic compatibility (EMC) tests
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bult condition unless such cooling is determined not to adversely impact the test
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b) At conditions specified in the Temperature and Pressure Test, Section 57 except that the room
ambient shall be maintained at 70 — 80°F (21.1 — 26.7°C) unless different conditions are required

by the

specific abnormal condition being applied; and

c) With surge protective devices disconnected unless they incorporate spark gaps.

85A.3.2 Following the application of each electromagnetic stress, a protective electronic circuit shall
continue to operate as intended. In addition, there shall be no risk of fire, electric shock or injury to
persons. Electrical live parts or moving parts shall not be exposed. The product shall comply with the
Dielectric Voltage Withstand Test in Section 59.

85A.3.3 Electrostatic discharges shall be applied in accordance with IEC 61000-4-2, the Standard for
Electromagnetic compatibility (EMC) — Part 4-2: Testing and Measurement Techniques — Electrostatic
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